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Individual and Joint Effects of Ethylene Dichloride, Carbon Tetrachloride, and Ethylene Dibromide 


D. D. McCOLLISTER, B.S. 

R. L. HOLLINGSWORTH, M.S. 

F. OYEN 

and 

Vv. K. ROWE, M.S., Midland, Mich. 


Recently an evaluation of the health haz- 
ards presented in the manufacturing and use 
of a group of fumigant mixtures containing 
different proportions of ethylene dichloride, 
carbon tetrachloride, and ethylene dibromide 
has become important. Knowledge of the 


TasLe 1—Composition of Fumigant Mixtures 


Percentage by Weight 


Carbon 
Ethylene Tetra- Ethylene 
Fumigant Dichloride chloride Dibromide 
Dowfume 75 ......... 70.2 29.8 
Dowfume EB-5 ...... 29.2 63.6 7.2 
Dowfume EB-15 ..... 19.6 60.0 20.4 


toxicological properties * of these compo- 
nents, as well as experience gained from 
extensive industrial handling and use, afford 
in part a basis for this evaluation. However, 
it was deemed desirable that verification 
should be obtained from experimental work 
with the mixtures themselves. 


Received for publication May 12, 1955. 

The Dow Chemical Company Biochemical Re- 
search Department. 

Presented April 28, 1955, in Buffalo, at the 16th 
Annual Meeting of the American Industrial Hygiene 
Association. 

* References 1 to 3. 
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2. 


MATERIALS 


The composition of the fumigant mixtures 
cencerned is given in Table 1. Dowfume 75 
and Dowfume EB-5 are used in the control 
Dowfume EB-15 
is used principally as a fumigant for mill 
machinery. 


of insects in stored grain. 


The samples used in the ex- 
perimental studies were obtained from com- 
mercial stock ready for distribution and were 
checked by infrared absorption to be certain 
that they were representative. 


OBJECTIVES 

Two objectives were in mind—first, to 
obtain data for the more precise evaluation 
of the health hazards presented by exposures 
encountered in the use of these fumigants 
and, second, to de.ermine whether the tox- 
icities of the mixtures were those to be 
expected from simple summation of the 
toxicities of the constituents. 

In accomplishing the first objective, it was 
recognized that these fumigants generally are 
applied infrequently, and a health hazard due 
to chronic exposure will seldom be en- 
countered. Accordingly the studies of these 
mixtures have been limited to the determina- 
tion of the acute vapor toxicities. 

Measures of acute vapor toxicity have 
been obtained in terms of capacity to kill 
rats and capacity to cause nonfatal injury. 
A comparison of these data for the mixtures 
with those obtained for each of the constitu- 
ents is useful in the estimation of the toxici- 
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ties of the fumigants for human subjects. 
This information, together with that obtained 
from practical use in the field, permits the 
derivation of quantitative standards for 
evaluating the health hazard to workmen 
exposed to these fumigant mixtures. 

The results of the vapor toxicity experi- 
ments have been published previously for 
ethylene dichloride,’ carbon tetrachloride,” 
ethylene dibromide,* EB-15,4 and EB-5.° 
The experimental data on Mixture 75 are 
presented herein. 

In considering the second objective, it was 
concluded in the previous publication * that 
the acute vapor toxicity of Mixture EB-15 
was simply that to be expected from sum- 
mation of the toxicities of its separate com- 
ponents. This conclusion was based upon 
an inspection of the comparative vapor tox- 
icity data. Since then, a more definite 
mathematical analysis of the inhalation re- 
sults has been undertaken. In addition, the 
results of single dose oral studies have been 
obtained for use in judging the joint toxic 
action of the constituents of these fumigant 
mixtures. 


VAPOR TOXICITY OF MIXTURE 75 
EXPERIMENTAL PROCEDURES 

The experimental procedures were essentially 
the same as those already described.t Only mature 
young adult albino rats were used. The liquid fumi- 
gant was metered at a constant rate and volatilized 
completely into the flow of air entering a 154 liter 
glass exposure chamber. Vapor concentrations were 
checked by combustion and determination of total 
halogen by the Volhard titration. Vapor concentra- 
tions were expressed as parts per million (ppm) by 
volume calculated on the basis of an average molecu- 
lar weight of 110 for the mixed vapors. 


EXPERIMENTAL RESULTS 

Mortality from Single Exposures —The 
total number of rats used and the number 
that died from each exposure are listed in 
Table 2. From the data at 1400, 2500, 5600, 
and 10,800 ppm, the exposures causing 
0.01%, 50%, and 99.99% mortality of rats 
were determined according to the method 
described by Litchfield and Wilcoxon.® 
These points were plotted on log-log ordi- 
nates (Fig. 1), and Lines AB, XY, and CD 
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TaBLe 2.—Summary of Mortality Data for Single 
Exposures of Male Rats to Mixture 75 Vapor 


Duration Rats 


Vapor Concentration of Rats That 
Exposure, Used, Died, 
Ppm Meg/L. Hr. No. No. 

10,800 50.8 0.25 20 0 

0.40 19 0 

0.50 20 2 

0.60 2» 3 

0.75 20 19 

1.00 20 2 

5,600 25.2 0.85 19 0 

1,00 20 4 

1.50 20 9 

1.80 20 15 

2.00 20 20 

2,500 11.2 2.00 20 0 

2.50 20 4 

3.00 20 13 

4.00 20 19 

7.00 10 10 

1,400 6.3 4.00 20 0 

5.00 40 6 

5.50 20 ll 

6.00 40 35 

7.50 

1,000 4.5 5.00 20 0 

7.00 19 1 

500 2.2 7.00 20 0 


were drawn to represent the intensities of 
single exposures which may be expected to 
produce death in_ essentially all rats 
(L. D.99.99), 50% (L. D.s0), and essentially 
no rats (L. D.o.o1), respectively. The aver- 
age factors for determining 19/20 confi- 
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Fig. 1—Line AB represents single exposure pro- 
ducing death in 99.99% of the rats; Line XY, single 
exposures producing death in 50%; and Line CD, 
those producing death in 0.01%. Line EF represents 
the severest single exposures without detectable 
adverse effect in rats. 
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COMPARATIVE TOXICITY OF 
dence limits were 1.09 for the L. D.59 points 
and 1.27 for the points representing the two 
extremities. 

Gross Response.—At vapor concentrations 
greater than 5000 ppm, when exposures 
were sufficiently prolonged, the animals 
became unconscious. At exposures of about 
1400 ppm for six to seven hours, the rats 
became drowsy and unsteady and appeared 
nervous and irritable. Deaths from any of 
the various exposures usually occurred after 
two to four days, with some indication of 
tremors and occasional blood nasal discharge. 

Organic Injury.—Special groups of male 
rats were killed for examination one day 
and four days following exposures that pro- 


TasLe 3.—Single Exposures to Mixture 75 Vapor, 
With and Without Detectable Adverse Effect 
on Male Rats 


Duration of Exposure 


Vapor Concentration Without With 
—— Adverse Adverse 
Ppm Me/L Effect, Hr. Effect, Hr. 
5,000 22.4 0.10 0.13 
2,500 11.2 0.18 0.25 
1,400 6.3 0.33 0.45 
500 2.2 1.30 1.58 
200 0.9 2.70 4.00 
100 04 7.00 9.00 


duced approximately 50% mortality at 1400 
and 2500 ppm. These animals showed 
severe organic injury in the liver and kid- 
neys. There were slight pathological 
changes in the lungs. ‘The liver damage 
consisted of fatty degeneration, with varying 
degrees of hemorrhagic necrosis, and in the 
kidneys there was severe degeneration of 
the tubular epithelium. In the lungs of a 
few of the animals there was slight hemor- 
rhage and congestion. The injury in the 
kidney tended to be severer after four days 
than after one day. There was also an 
increase in the absolute and relative weights 
of the liver and kidneys. 

Single Exposures Having No Adverse 
Effect—The studies made to determine the 
nature of the toxic effects produced by in- 
halation of Mixture 75 were extended below 
the lethal range to permit an estimate of the 
maximum intensities of single exposure with- 
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MIXTURES 


out detectable adverse effect. Special matched 
groups of 10 rats each were killed and 
examined 20 to 24 hours following single 
exposures of decreasing intensity until 
groups were obtained without any detectable 
injury. The most sensitive criteria of injury 
consisted of a slight increase in the weight 
of the liver and slight histopathological 
changes in this organ. The results of these 
experiments are summarized in Table 3. 
From these data, Line EF (Fig. 1) was 
drawn to represent the severest single ex- 
posures without adverse effect in the rat. 


EVALUATION OF JOINT TOXIC ACTION 


General.—In order to determine whether 
the results obtained for the fumigant mix- 
tures were those that would be predicted 
mathematically by summation of the toxici- 
ties of the components administered separate- 
ly, ethylene dichloride, carbon tetrachloride, 
and ethylene dibromide were considered to 
produce a “similar” type of toxic action. 
This is a reasonable assumption as a work- 
ing hypothesis when considering the effects 
of these materials administered jointly in 
view of their closely related chemical struc- 
tures. Furthermore, gross observation and 
histopathologic examination of the rats ex- 
posed to the fumigant vapors showed a type 
of toxic action similar to that observed with 
the separate constituents. 

Similar joint action is defined as that 
effect produced by two or more toxicants 
which affect the same organs or physio- 
logical processes in the animal organism, so 
that one component can be substituted at a 
constant proportion for the other in mixtures 
of the materials. In such case the toxicity 
of the mixture is predictable directly from 
that of the constituents if the relative propor- 
tions are known. If the effect of the mixture 
is shown to be significantly greater than the 
action expected from similar joint effect, 
potentiation is suggested. 

Finney? discusses types of joint toxic 
action, including similar effects, and presents 
methods useful in judging their significance. 
The precise statistical evaluation of the signif- 
icance of similar potentiating action requires 
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that the dosage-mortality data for the sep- 
arate substances be fitted by parallel probit 
regression lines. If this can be done, Equa- 
tion (1) (Table 4) is one that may be used 
to determine the equation representing the 
probit regression line to be expected for a 
mixture containing two components. How- 
ever, the “expected” effect can be calculated 
also from the relative potency of one constit- 
uent to the other and its proportion in the 
mixture as given by Equation (2) (Table 
4). The L. D.5o doses are the most useful 
and accurate for this procedure. However, 
parallelism is still implied, since the concept 
of similar action is dependent thereupon. A 


TABLE 4.—Prediction of Toxicity of Mixtures from 
Toxicity of Separate Constituents Assuming 


Equation (2) 
M1 


+pe X =— 
ait+b log (31+ 12) X 


Where 
Y = probit value for percentage kill (mixture) 
ai = constant from equation for first constituent 
b = probit-dosage regression coefficient 
\ = total dose of mixture 
Aa = dose of first constituent 
v1 = proportion of first constituent 
w2 = proportion of second constituent 


p2 = relative potency of second in terms of first 
constituent 


third component may be included in these 
equations if its proportion and potency rela- 
tive to the other constituents are known. 

Comparison of Acute Vapor Toxicity — 
Using Equation (2) (Table 4), calculations 
were made at several intervals along the 
lines representing the C. T.59 acute vapor 
toxicities of ethylene dichloride and carbon 
tetrachloride, and a line representing the 
exposures to be “expected” for Mixture 75 
was drawn (Fig. 2). It can be seen from 
these results that the acute vapor toxicity 
of the mixture is practically identical with 
that obtained for ethylene dichloride alone 
and is an effect somewhat greater than pre- 
dicted. 


The data available from the acute vapor 
toxicities of Mixtures EB-5 and EB-15 were 
examined in the same manner. The results 
of this comparison are shown in Figure 3. 
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VAPOR TOXICITY OF DOWFUME 75 
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Fig. 2.—Comparison of acute vapor toxicity of 
Mixture 75 for rats with that “expected” by sum- 
mation of the toxicities of its constituents. 


An examination of the relative positions of 
the vapor toxicity lines for these two fumi- 
gants, as compared with those “expected” 
from calculations based upon similar joint 
action, shows that the toxicity measured 
experimentally is slightly greater than cal- 
culated. These differences, in turn, are 
somewhat greater than the difference ob- 
served for Mixture 75. 

Comparison by Single Dose Oral Ad- 
ministration.—Each of the fumigant mixtures 
and each individual component were ad- 
ministered in single oral doses to groups of 
male and female rats by stomach tube as a 
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Fig. 3—Comparison of acute vapor toxicities of 
Mixtures EB-5 and EB-15 for rats with those 
“expected” by summation of the toxicities of their 
constituents. 
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COMPARATIVE TOXICITY OF 
suspension in corn oil using smiall amounts 
of acacia. The number of rats used, the 
number of dosage levels, and the results of 
L.D.59 calculations for each material are 
given in Table 5. The “expected” L. D.50 
values are given also for the three mixtures 
with 19/20 confidence limits calculated using 
the same factors that were determined for 
the “observed” L. D.50’s. 

It is apparent from the data in Table 5 
that carbon tetrachloride is the least toxic 
and that ethylene dibromide is the most toxic 
material. Ethylene dichloride and Mixtures 
75 and EB-5 have almost identical acute 
oral L. D.59 values. Mixture EB-15 shows 
an intermediate oral toxicity between ethyl- 
ene dibromide and the other mixtures, as 
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TaBLe 5.—Acute Oral Toxicity (Male 


MIXTURES 


is concluded that any possible potentiating 
effects are of no practical significance from 
an industrial hygiene standpoint. 


SIGNIFICANCE OF TOXICOLOGICAL DATA 


Toxicological data obtained upon labora- 
tory animals should be applied to human 
subjects in a tentative manner until verifica- 
tion is obtained in actual experience. Ac- 
cordingly, attempts have been made to utilize 
the extensive experience from the industrial 
and solvent uses of these separate constitu- 
ents for the purpose of applying to man the 
data for the mixtures. 

In Figure 4 are presented the data for a 
quantitative comparison of the acute vapor 
toxicities of the fumigant mixtures and their 


and Female Rats) 


Compound 
Carbon tetrachloride 


Ethylene dichloride 


Dowfume 75 


would be predicted. However, for each 
mixture the “observed” L. D.59 is greater 
than that “expected” by calculation. 


Conclusions.—An evaluation of joint toxic 
action by comparisons of acute vapor and 
acute oral toxicities has shown that each of 
the mixtures has a slight but significantly 
greater degree of toxic effect when admin- 
istered jointly than would be expected from 
the toxicities of the constituents administered 
separately. Therefore, potentiation is indi- 
cated. 

From the practical viewpoint, it is to be 
emphasized that in no case did any of the 
mixtures give a toxic response greater in 
magnitude than that exhibited by any one of 
the individual components. The actual dif- 
ferences from those predicted are slight. 
Thus, in an evaluation of the health hazards 
presented by the use of these fumigants, it 


L.D.so with 19/20 


Dosage Confidence Limits, Gm/Kg. 
No. No. Observed Expected 
190 10 2.92 
(2.45-3.47) 
80 4 0.68 
(0.62-0.75) 
100 6 0.14 
(0.12-0.16) 
104 6 0.66 0.90 
(0.60-0.72) (0.82-0.99) 
135 8 0.66 0.85 
(0.59-0.75) (0.75-0.96) 
90 5 0.29 0.52 
(0.25-0.34) (0.44-0.61) 


constituents based upon the C. T.59 curves 
determined experimentally. At relatively 
high vapor concentrations all these materials 
produce a depression of the central nervous 
system (anesthesia). Appropriate expo- 
sures to the mixtures also result in an injury 
to the liver and kidneys similar to that pro- 
duced by the constituents. The similarity 
in nature of toxic effects and magnitude of 
response affords further justification for 
utilizing the experience obtained for the 
separate constituents in regard to the tox- 
icity of the mixtures for human subjects. 


Similar conclusions can be drawn also 
from the measure of acute vapor toxicity 
presented in Figure 5, wherein the maximum 
intensities of exposure without detectable 
injury to rats are represented (Line EF, 
Fig. 1, for example). Here again the simi- 
larity in nature of toxic effects for the mix- 
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tures and separate constituents can be 


emphasized, since the most sensitive criteria 
for judging these intensities were slight in- 
creases in the weights of the liver and slight 
histopathologic changes in this organ. 

The measure of toxicity shown in Figure 
5 affords a practical basis for evaluating the 
significance of workmen’s exposures. The 
line representing the severest single exposures 
to carbon tetrachloride without detectable 
injury to rats seems to be well verified on 
the basis of general experience and industrial 
use. Such a degree of verification is not 
available for ethylene dichloride and ethyl- 
ene dibromide. A general industrial ex- 
perience with these materials, however, 
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indicates that the measure shown for them 
cannot be greatly in error, at least for ex- 
posures of several hours’ duration. Thus, 
it has been concluded that the measure shown 
in Figure 5 can be used to formulate stand- 
ards by the industrial hygienists for the 
evaluation of any single exposure of work- 
men, 

The estimated vapor exposures probably 
safe for human subjects are given in Table 
6. The exposures given must be regarded 
as absolute maxima. Any exposure must 
have an intensity definitely below those pre- 
sented to be considered permissible. - The- 
values given for the one-hour and the seven- 
hour single exposures are essentially those 

Tas_e 6.—Estimated Exposures Safe for 

Human Subjects 


Vapor Concentration, Ppm 


Daily 

Single Exposures, Expo 

sure. 
Substance Gitte, Vie 
Mixture EB-5 75 300 1,500 25 
Mixture EB-15 ............ 75 300 1,500 25 
Carbon tetrachloride ..... ” 300 3,000 2% 
Ethylene dichloride ....... 200 1,000 3,000 100 
Ethylene dibromide ....... w 200 800 % 


determined from the vapor toxicity studies 
on the rat. For the one-tenth hour, these 
estimates have been modified on the basis 
of anesthetic action experienced by human 
subjects, an effect which is not easily meas- 
ured in the experimental animal. 
Concentrations given under th heading 
“Daily Exposure, Seven Hours” (Table 6) 
refer to what is commonly known as in- 
dustrial hygiene standards, or threshold 
limit values. These have been reasonably 
well established for the three individual 
constituents. The figures given for the mix- 
tures are predicted values based upon the 
established knowledge of the chronic vapor 
toxicities of ethylene dichloride, carbon tetra- 
chloride, and ethylene dibromide and sup- 
ported by the information reported herein 
concerning the joint action of these materials. 
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SUMMARY AND CONCLUSIONS 


1. Extensive acute oral and acute vapor 
inhalation studies are reported for Dowfume 
75 (70.2% etiiylene dichloride and 29.8% 
carbon tetrachloride by weight). The results 
of acute oral studies are reported also for 
Dowfume EB-5 and Dowfume EB-15, which 
are composed of the same two ingredients 
in different proportions plus smaller amounts 
of ethylene dibromide. Vapor toxicity data 
published previously by this laboratory on 
EB-5, EB-15, and the individual components 
of these fumigant mixtures are utilized for 
comparative purposes. 

2. Using experiments on rats, measures 
of acute vapor toxicity were obtained in 
terms of capacity to kill and capacity to 
cause injury without death. In the lethal 
range, Mixture 75 has essentially the same 
acute oral and acute vapor toxicity as ethyl- 
ene dichloride. It more closely resembles 
carbon tetrachloride in capacity to cause 
nonfatal injury. 


3. Assuming “similar action” for the in- 
dividual constituents administered jointly, 
a summation of responses to be expected 
for the 75, EB-5, or EB-15 mixtures was 
calculated. The “expected” responses were 
compared with those obtained experimental- 
ly. Although slight, statistically significant 
potentiating effects were indicated in the 
acute oral L. D.s59 values and in the acute 
vapor C. T.59 curves, the differences were 
so small as to be of no practical significance 
from an industrial hygiene viewpoint. From 
the practical standpoint, the over-all simi- 
larity in nature of toxic effects and magni- 
tude of response are emphasized. 


4. These data permit the derivation of 
standards to be used tentatively by the in- 
dustrial hygienist for the evaluation of health 
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hazards resulting from single exposures of 
workmen. For Mixture 75, representative 
exposures which should not be exceeded are 
the following: 100 ppm for seven hours; 
500 ppm for one hour, and 3000 ppm for 
one-tenth hour. For either Mixture EB-5 
or Mixture EB-15, the corresponding figures 
are 75, 300, and 1500 ppm. It is predicted 
that the maximum concentrations probably 
safe for daily seven-hour exposures of 
human subjects would be 50 ppm for Mix- 
ture 75 and 25 ppm for either Mixture EB-5 
or Mixture EB-15. 
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p-Aminobiphenyl, because of its close 
chemical relationship to benzidine, was con- 
sidered a possible carcinogenic agent of the 
urinary bladder. Until recently this material 
was of commercial importance in the chemi- 
cal industry, and it was for this reason that 
its possible carcinogenic action was investi- 
gated. 

METHODS EMPLOYED 


This study was initiated in September, 1952, at the 
Albany Medicai College. It was continued, after one 
year, at the University of Miami School of Medi- 
cine. Four young adult mongrel female dogs were 
employed. Each dog was fed per day about 75 gm. of 
canned horse meat, and ground Purina dog pellets 
and crackers ad lib. 


During the first year, on five days of each week, 
purified p-aminobiphenyl was fed in a small quantity 
of horse meat. Beginning with the second year, the 
compound was administered in a capsule by mouth. 
An attempt was made to feed a daily dose of 0.3 
gm. per dog; with a few isolated exceptions, this 
schedule was maintained without difficulty. Cysto- 
scopic examinations were carried out at intervals 
of approximately four months. 
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RESULTS 

At this writing (February, 1955), two 
of the four dogs have demonstrated evidence 
of bladder tumors (Dog D 74 and Dog D 70). 

Doc D 74.—Long-haired, collie type. Ini- 
tial weight, 10.2 kg. Weight fluctuated over 
25 months between 9.1 and 12.9 kg. The 
animal ingested during this period a total 
amount of 111.3 gm. (9.9 gm/kg.) of 
p-aminobiphenyl. During the last week of 
the 25th month the dog began to show signs 
of acute intoxication (refusal of food, vomit- 
ing, tremors, loss of weight, but no hema- 
turia). At death (25 months plus one week) 
its weight was 9.4 kg. 

Interval cystoscopic examinations revealed 
no remarkable bladder changes until urinary 
bladder tumors were observed after feeding 
94.5 gm. of p-aminobiphenyl (8.4 gm/kg.) 
over a period of 22 months. The cystoscopic 
report (M. M. C. and F. M. W.) read as 
follows : 


Urine obtained. Areas of telangiectasis through- 
out. On the trigone are blanched areas surrounded 
by telangiectasis. On the left wall posteriorly is a 
3 mm. papilloma, very red. In the midline pos- 
teriorly near the bubble are multiple elevations 
(two or three), apparently tumors. 


In addition, a papilloma about 1 cm. in 
size with a small base was noted in the left 
posterior portion of the bladder. 


The dog died four months after tumors 
were first observed. The animal was autop- 
sied, and sections of the major organs were 
taken and preserved in 10% formalin. The 
weights were as follows: heart, 102 gm.; 
lungs, 178 gm.; liver, 638 gm.; spleen, 103 
gm.; kidneys, 146 gm., and brain, 66 gm. 


CARCINOGENIC 


ACTION 


OF 


Fig. 1 (Dog D 74).—Urinary bladder, showing 
irregular papillary growth from mucosa, obscuring 
the ureteral openings, and causing irregular thicken- 
ing of the bladder wall. 


Urinary Bladder.— Gross Examination: 
The opened urinary bladder measured 5 by 
4.5 cm., and the wall varied in thickness 
up to 1.2 cm. The most prominent feature 
was the presence of polypoid projections of 
the mucosa, most striking in the vault and 
measuring up to 8.5 mm. in diameter (Fig. 
1). The polypoid mucosal thickening ob- 
scured the ureteral openings, which were 
not identifiable. On secticn, the polyps were 
composed of a rubbery grayish-white tissue, 
with areas near the surface which were 


Fig. 2 (Dog D 74).—Photomicrograph, urinary 
bladder, showing papillary epithelial growth; x 15. 


p-AMINOBIPHENYL 


darker gray and somewhat friable. The 
muscular wall of the bladder appeared thick- 
ened and firmer than normal. 


Microscopic Examination: Seven sections 
of urinary bladder were examined, rep- 
resenting different areas. All sections showed 
varying degrees of mucosal hyperplasia, with 
areas of neoplastic transformation. The 
hyperplastic mucosa showed areas of squa- 
mous metaplasia. 

The areas of carcinomatous change showed 
a variable appearance. In some portions a 
papillary or glandular arrangement or archi- 
tecture was maintained, but in other areas 


Fig. 3 (Dog D 74).— 
bladder, 
squamous epithelial cells; x 54. 


Photomicrograph, urinary 
showing infiiiration tumor growth of 


there was a change to a predominately squa- 
mous type of neoplasm but without keratiniz- 
ing activity being a prominent feature. In 
some of these areas the tumor cells showed 
striking variation in size, shape, staining 
properties, and arrangement. Some tumor 
giant cells were present, and a moderate 
amount of mitotic activity was evident. In 
several sections there was invasive activity, 
with infiltration in irregular columns between 
muscle bundles deep in the bladder wall. In 
some such areas a slight inflammatory 
exudate and a desmoplastic reaction was 
evident. The change was evidently a tumor 
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Fig. 4 (Dog D 74).—Photomicrograph, urinary 
bladder, showing invasion of epithelial tumor masses 
into muscular wall; x 54. 


of a medium grade of malignancy and pre- 
dominantly a squamous cell carcinoma (Figs. 
2 to 5). 

Kidneys.—Gross Examination: The kid- 
neys each measured approximately 8.5 by 
4.5 by 4 cm. The capsules stripped easily, 
and the outer surfaces were smooth but 
showed some slight irregular shallow de- 


pressions which appeared to be areas of early 


| Fig. 5 (Dog D 74).—Photomicrograph, urinary 
bladder, showing papillary tumor of mucosa with 
squamous differentiation; x 102. 


A. 
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Fig. 6 (Dog D 74).—Kidneys, showing irregular 
shallow depressions which appear to be areas of 
early atrophy. 


atrophy. One kidney showed several grayish- 
white flecks, each 1 to 2 mm. in diameter 
on the outer surface (Fig. 6). 

On the cut surface, each of the kidneys 
showed a striking degree of pelvic dilatation 
(hydronephrosis) (Fig. 7). One pelvis 
measured approximately 4.5 by 4 by 2 cm. 
and the other 4 by 3.5 by 2 cm. There was 
some atrophy of the renal parenchyma, most 
prominent in the medulla, so that the tips 
of the calyces were blunted. The cortical 
portions showed relatively little change and 
averaged about 8 mm. in thickness. Cortical 
markings were preserved, but medullary 
lines were somewhat obscured. The general 


appearance was that of a moderate! ad- 


Fig. 7 (Dog D 74).—Hemisections of kidneys, 
showing marked hydronephrosis. 
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vanced degree of bilateral hydronephrosis, 
with corresponding renal atrophy but with- 
out the appearance of tumor. 

Microscopic Examination: The kidneys 
showed a rather marked change. The mucosal 
epithelium was mostly thin and somewhat 
atrophic, but in one area there was a thick- 
ening with squamous metaplasia. The adja- 
cent medulla showed a marked but variable 
atrophy. Both pelvis and medulla showed 
considerable infiltration by lymphocytes and 
some plasnia cells. One section showed an 
area of papillary necrosis. Collecting tubules 
in some sections showed granular and red- 
dish pigmented casts. 

The cortex showed focal and linear ac- 
cumulations of plasma cells and a few lympho- 
cytes in the interstitial tissue. Convoluted 
tubules showed a marked foamy swelling 
of their lining epithelial cells, most marked 
in basal portions of the cytoplasm and ap- 
pearing to be a severe degree of fatty and 
hydropic degeneration. Some tubules showed 
brownish pigment in their lining cells. 
Within the lumens of some of the tubules 
an unidentified brownish crystalline material 
was seen. An occasional fibrosed glomerulus 
was seen, but most glomeruli showed rela- 
tively little change. 

The liver showed some congestion. There 
was a considerable amount of a brownish 
pigment particularly in the peripheral areas, 
also some slight lobular periportal fibrosis. 
The only significant change in the lungs was 
acute congestion and mild to moderately 
severe interstitial pneumonitis. The spleen 
was somewhat congested, contained some 
hemosiderin, but no significant changes were 
seen. No changes were noted in the cerebrum, 
except for some congestion of overlying 
meninges. The adrenals showed areas of 
congestion and slight interstitial infiltration, 
but no significant change was found. No 
lesions were noted in the cerebellum, esopha- 
gus, stomach, intestines, heart and pancreas. 

Doc D70.—Long-haired, collie type. 
Weight fluctuated over period of 29 months 
and one week from 9.3 to 13.1 kg. The 
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animal ingested during this period a total 
of 87.7 gm. of p-aminobiphenyl (8.2 gm/kg. 
body weight). During the first month of 
the dog 
showed signs of marked acute intoxication 
(salivation, vomiting, tremors, staggering). 
Withholding of p-aminobiphenyl was _fol- 
lowed by prompt recovery. During the 29th 
month the dog showed similar signs of 
intoxication and in addition marked hema- 
turia. Discontinuation of therapy again re- 
sulted in prompt recovery. Interval bladder 
observation had shown no remarkable tissue 
change until cystoscopic examination of the 


p-aminobiphenyl administration 


Fig. 8 (Dog D 70).—Photomicrograph of biopsy 
specimen of urinary bladder, showing papillary 
tumor of mucosa with squamous differentiation ; 
x 30. 


bladder on this occasion (29 months) re- 
vealed for the first time the presence of 
extensive broad-based neoplastic tissue over 
the trigone and superior to it. There was 
a small circumscribed area of hyperemia on 
the anterior bladder wall. The tissue bled 
easily and possibly represented an early 
neoplastic change. Some of the well-defined 
neoplastic material was removed for histo- 
pathological examination. 

Microscopic Examination—Nine distinct 
fragments were sectioned at various levels. 
The smaller fragments showed papillary or 
polypoid mucosal masses composed of masses 
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of squamous epithelial cells, separated by an 
edematous and inflamed stroma. Other frag- 
ments showed irregular columns and masses 
of squamous epithelial cells, with relatively 
little stroraa. The masses were irregular in 
size and arrangement, with no architectural 
consistency, although in places some rem- 
nants of papillary or glandular structures 
were evident. The individual tumor cells 
varied a great deal in size and staining. 
Some were markedly vesicular. Large nuclei 
and nucleoli were common. Keratinization 
was not evident. Mitoses were not numerous. 


Fig. 9 (Dog D 70).—Photomicrograph, urinary 
bladder biopsy specimen, showing epithelial tumor 
growth; x 102. 


The appearance was that of a low-grade 
carcinoma with squamous differentiation 
(Figs. 8 and 9). 


COM MENT 


Walpole, Williams, and Roberts * reported 
a year ago in the British Journal of Indus- 
trial Medicine on the experimental (dog) 
production of bladder tumors by p-aminobi- 
phenyl. These investigators consider this 
amine more effective as a bladder carcinogen 
than either benzidine or 2-acetylaminofluorine 
and at least as potent as §-naphthylamine. 
Their two beagle dogs received p-amino- 
12 
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biphenyl by mouth in a total dose of 30 
to 34 gm. (2.9 to 3.3 gm/kg.). They were 
killed when they had developed advanced 
bladder tumors 33 months after the start of 
p-aminobiphenyl administration. 


Our studies support their findings that 
p-aminobiphenyl is capable of inducing can- 
cer of the urinary bladder. In our dogs it 
required doses of 94.5 and 87.7 gm. which 
were administered with practically no inter- 
ruption (on five days per week) over periods 
of 22 and 29 months. In Dog D 74 the sig- 
nificant lesion was a carcinoma of the bladder 
predominantly squamous in type, which was 
obstructing the openings of the ureters, in- 
filtrating the bladder wall, and invading 
lymphatics and blood vessels. The kidneys 
showed a marked hydronephrosis, appar- 
ently secondary to the ureteral obstruction, 
with corresponding parenchymal atrophy 
and interstitial cellular infiltration. In Dog 
D 70 a similar tumor of the bladder was 
demonstrated by biopsy and _ histological 
examination. 
SUMMARY 


This preliminary report summarizes ob- 
servations made over a period of 29 months 
of feeding of p-aminobiphenyl to each of four 
dogs. Two of these have developed carcinoma 
of the urinary bladder, predominantly squa- 
mous in type. Periodic cystoscopic examina- 
tions have revealed no abnormalities in the 
other two dogs. 

In Dog D 74 tumors were first noted after 
22 months after ingestion of 94.5 gm. (8.4 
gm/kg.) of p-aminobiphenyl. The animal 
died after 25 months plus one week and 
after having ingested a total of 113.3 gm. 
(9.9 gm/kg.) of the compound. 

In Dog D 70 cystoscopic examination re- 
vealed tumors after a period of 29 months 
and one week after ingestion of 87.7 gm. 
(8.2 gm/kg.) of p-aminobiphenyl. 
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IV. Their Fate Following Emission into the Atmosphere and Experimental Exposure 


to Washed Air and Synthetic Smog 
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Reported differences in the urban and 
rural incidence of lung cancer by Stocks,’ 
Clemmesen,? Dormanns,* Curwen and Ken- 
naway,* Hoffman and Gilliam,’ and others 
have led several investigators to study urban- 
polluted atmospheres as a possible factor in 
this difference. 

The presence of soot containing aromatic 
polycyclic hydrocarbons, including the po- 
tent carcinogen, 3,4,-benzpyrene, has been 
demonstrated in urban atmospheres by 
Waller, Wedgewood and Cooper,’ and 
Goulden and Tippler* in Great Britain 
and by Falk and Steiner * and Kotin and 
his associates ® in the United States; Leiter 
and his associates +} produced subcutaneous 
sarcomas in mice with dusts collected from 
the atmosphere. Steiner '* using commercial 
carbon blacks related the biological activity 
of adsorbed carcinogens to the size of the 
soot particle and the presence of natural 
eluting substances at the site of deposition. 
He concluded, “The principles of natural 


Received for publication May 16, 1955. 

From the Departments of Pathology and Bio- 
chemistry, School of Medicine, University of 
Southern California, and the Los Angeles County 
General Hospital. 

This investigation is being supported by a grant 
from the Field Investigations and Demonstrations 
Branch, National Cancer Institute, and the Section 
of Environmental Health, National Institutes of 
Health of the Public Health Service. 

* Falk, H. L., and Steiner, P. E.: Unpublished 
data. 

+ References 10 and 11. 


and conditional carcinogens, of solvent elu- 
tion, and of adsorption are advanced to 
explain some clinical and epidemiological 
observations on human skin and lung can- 
cers, and on the role of preceding patho- 
logical lesions in predisposing to pulmonary 
tumors.” The effect of various environ- 
mental factors on the atmospheric survival 
of polycyclic hydrocarbons, including 3,4- 
benzpyrene, has to our knowledge not been 
studied. 


Our concern with the problem of atmos- 
pheric polycyclic hydrocarbons, their fate, 
and their possible relation to human car- 
cinogenesis has already been noted.f{ In 
previous publications in which we reported 
the presence of chrysene, pyrene, 1,2-benz- 
pyrene, 1,12-benzperylene, Compound Y, 
Compound X, anthanthrene, coronene, and 
the known carcinogen, 3,4-benzpyrene, the 
probable sources of these compounds were 
reviewed, and the most significant ones, 
diesel-engine and gasoline-engine exhausts, 
were investigated. Early in our studies it 
became apparent that the amount of benz- 
pyrene in the air when compared with the 
other hydrocarbons was greater than one 
would expect on the basis of comparative 
quantitative emissions from these two sources. 
Table 1 shows the ratio of benzpyrene to 
pyrene as emitted during representative con- 
ditions of gasoline engine- and diesel-engine 
operation and in two samples of Los Angeles 
atmosphere. Diesel-engine exhausts could 
account for the presence of all atmospheric 
aromatic hydrocarbons; however, the ratio 
of benzpyrene to the remaining hydrocarbons 
in the air was greater than at the source. 
Further, a number of polycyclic hydrocar- 


t References 13 and 14. 
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bons present in soot at the site of emission 
from vehicular exhausts were no longer 
detectable in the air. These observations 
resulted in a search for, first, additional 
sources of aromatic hydrocarbon air pollu- 
tants, including incinerator soots and rubber- 
tire degradation products, both potential con- 
tributors of relatively large amounts of benz- 
pyrene to the atmosphere, and, second, a 
mechanism whereby emitted hydrocarbons 
might be selectively destroyed as possible 
explanations for this disproportionality. In- 
cinerator soots and rubber-tire dust and 
degradation products were analyzed, and 
emissions from these sources could not ex- 
plain the relatively larger proportion of benz- 
pyrene noted in the air. The two previously 
mentioned factors of atmospheric aromatic 
hydrocarbon disproportion and disappearance 
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were obtained from gasoline- and diesel- 
engine exhausts and from commercially avail- 
able carbon blacks. 


Qualitative and Quantitative Studies of Pure 
Unadsorbed Hydrocarbons——Three to ten micro- 
grams of the various aromatic hydrocarbons were 
dissolved in suitable lipid solvents and applied under 
a stream of nitrogen to fat-free Whatman No. 1 
filter discs at three or four well-marked sites. The 
papers were exposed to air or synthetic smog for 
varying lengths of time in Lucite sampling cylin- 
ders described in a previous publication. The spots 
were examined under ultraviolet light for fluores- 
cence. They were then extracted with ethanol and 
analyzed spectrophotometrically on a Beckman DR 
self-recording spectrophotometer. An alteration of 
the method of applying hydrocarbons to the paper 
strip by placing them near the bottom and letting 
ether wash the nonpolar material to the upper por- 
tion of the strip resulted in greater differentiation 
between the unchanged nonpolar and the altered 
polar reaction products of the hydrocarbons. 


TaBLE 1—Benzpyrene to Pyrene Ratio in the Soot of Polluted Air and That of 


Gasoline- and Diesel-Engine Exhaust* 


Polluted Air 


Gasoline-Engine Exhaust, Idling 
A 


Diesel-Engine Exhaust 


No.1 No.2 Rpm = 500 1,000 1,500 % Load Full Load 
6.2 1.6 0.53 0.14 0.06 OAT 0.53 


1 1 1 1 1 1 1 


* The conditions given in the Table represent those with highest benzpyrene to pyrene production for the gasoline 


and diese] engines. 


of some hydrocarbons from the atmosphere 
suggested that differences in stability of 
these compounds both in their pure state and 
adsorbed on soot could account for the 
observations. 

The current report is concerned with the 
different rates of destruction of aromatic 
polycyclic hydrocarbons, chiefly 3,4-benzpy- 
rene, in both their pure unadsorbed state and 
while adsorbed on soot following exposure to 
light, washed air, and polluted air. 


STUDY METHOD 


Cominercial aromatic polycyclic hydro- 
carbons were purified and used in many of 
these studies. Phenanthrene, pyrene, fluor- 
anthene, and chrysene were obtained from 
the Reilly Tar & Chemical Corp. 3,4-Benz- 
pyrene was obtained from Eastman Chemical 
Products, Inc. The remaining hydrocarbons 
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The method of synthesizing artificial smog uti- 
lizing ozone and gasoline, its properties, and its 
measurement have been described elsewhere.15 Pure 
air was obtained by passage through activated char- 
coal filters. 

Quantitative studies were carried out using the 
same techniques, with quantitation of the unchanged 
hydrocarbon fraction being made by characteristic 
ultraviolet absorption maxima. 

Qualitative and Quantitative Studies of Hydro- 
carbons Adsorbed on Soot.—Samples were collected 
on filter papers obtained from the Chemical War- 
fare Service. One-minute samples of gasoline- 
engine exhaust were used for each analysis. For 
smog exposures, two-thirds of each of three papers 
were used; the remaining one-third of each of the 
three papers was used as control. For pure air 
studies, one-half of each of the three papers was 
exposed; the other half served as control. The 
papers were extracted with benzene, and the 
extracts were taken to dryness and chromato- 
graphed on activated alumina columns in an auto- 
matic fraction collector. Each fraction was analyzed 
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for its absorption spectrum, and semiquantitative 
determinations were made after correction for back- 
ground and other aromatic hydrocarbon spectra. 


RESULTS 

Qualitative Studies of Pure Hydrocarbons. 
—-The reaction products of aromatic hydro- 
carbons following their exposure to light and 
air were primarily found to be unstable so 
that their identification by ultraviolet absorp- 
tion spectra was not possible. Only a single 
compound, the unidentified Compound X, 
gave rise to a stable reaction product with a 
characteristic spectrum. The new compound 
has maxima at 330 mp, 345 mp, and 405 mu. 
It, like its parent substance, is as yet uniden- 
tified. 


aiter 48-hour exposure. Up to 80% of 
fluoranthene was recoverable following the 
same exposure period. The remaining hydro- 
carbons proved to be quite stable, with 100% 
recovery being obtained with chrysene, 1,12- 
benzperylene, coronene, and 3,4-benzpyrene 
following exposure. 3,4-Benzpyrene in the 
pure state alone showed a significant differ- 
ence in the destruction rate between expo- 
sure in the dark and in the light, with re- 
covery dropping from 100% in the former 
to 78% in the latter as shown in the Figure. 

Ouantitative Studies of Pure Hydrocar- 
bons Exposed to Smog.—The stabler hy- 
drocarbons, as determined by our studies 


on exposure to air, were chosen for exposure 


TaBLe 2.—Destruction of Polycyclic Aromatic Hydrocarbons Under Certain Conditions of Exposure 


(Expressed in Per Cent) 


By Air in Dark 
— 


Hydrocarbon 24 Hr, 
Kav 39 
24 
17 


1,2-Benzpyrene 


Quantitative Studies of Pure Unadsorbed 
Hydrocarbons.—The recovery of the various 
pure hydrocarbons exposed to light, pure 
air, and smog is recorded on Table 2, Sec- 
tion A. Except in the case of 3,4-benzpyrene, 
as will be noted, the order of destruction of 
polycyclic aromatic hydrocarbons was essen- 
tially similar in the light and the dark. The 
most readily destroyed hydrocarbons were 
phenanthrene, Compound X, and anthan- 
threne. Actual exposure of these compounds 
to polluted air was deemed unnecessary, since 
pure air alone resulted in destruction in as 
little as 48 hours. 


Pyrene was the next compound in the 
order of stability; only 58% was recovered 


A B 
Adsorbed 
on Soot 
A. 


Pure Unadsorbed 


By Air in Light By Smog_iBy Air By 


in Light in Light Smog 
48 Hr. 4 Hr. 48 Hr. 1 Hr. 48 Hr. 1 Hr. 
100 100 12 72 
49 42 44 as 5 55 
43 20 42 83 1 58 
20 16 4 59 4 59 
0 21 22 50 10 18 

es 7 61 
0 0 0 27 0 67 
0 0 0 5 
0 ll 0 15 


to synthetic smog having an oxidant content 
of approximately 30 ppm as determined by 
potassium iodide and reduced phenolphthalein 
measurements. This represents 100 times the 
usual smog concentration found in Los 
Angeles. Experimental exposures varied 
from one to four hours in a typical experi- 
ment.§ Following four-hour exposure, re- 
coveries were in the following order: pyrene, 
7% ; fluoranthene, 27% ; benzperylene, 47% ; 
benzpyrene, 59% ; chrysene, 78%, and coro- 
nene, 84%. 

Quantitative Studies of Hydrocarbons Ad- 
sorbed on Soot.—Subsequent to studies on 


§ The use of abnormal concentrations for short 
intervals introduces an experimental artifact. 
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pure hydrocarbons, the degradation rate of 
hydrocarbons adsorbed on soot was deter- 
mined, using parallel methods of exposure 
to pure air and to smog. These experiments 
were essential to establish the relative im- 
portance of excessive destruction due to the 
catalytic surface action of the carbon particles 
or retarded destruction as a result of protec- 
tion by the carbon {rom photochemical! reac- 
tions. Ten experiments were undertaken for 
this study. Destruction by air and light was 
negligible. Exposure to smog, however, for 
as little as one hour resulted in a consistent 
decrease in the recovery of all hydrocarbon 
studies. The data for the destruction of 


were manifested by the absence of certain 
hydrocarbons from polluted air and an ex- 
ceedingly high proportion of the carcinogen, 
3,4-benzpyrene, in the atmosphere when quan- 
titatively compared with the amounts emitted 
from diesel-engine and gasoline-engine ex- 
hausts. The effect on pure unadsorbed aro- 
matic hydrocarbons following exposure to 
pure air in the presence and absence of light 
was first investigated. This was followed by 
the determination of the effect of synthetic 
smog, particularly in the instances of the 
stabler hydrocarbons. The destruction of 
these stabler compounds was studied by ex- 
posure to light and synthetic smog in circum- 


CWRV 
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Recovery rate of aromatic polycyclic hydrocarbons following exposure to pure air and 


synthetic smog. 


individual hydrocarbons adsorbed on soot 
are shown in Table 2, Section B. A com- 
parison of data under the two headings pro- 
vides an explanation for the differences in 
relative proportion of individual hydrocar- 
bons in the particulate phase of polluted air. 


COM MENT 


The polycyclic aromatic hydrocarbons ad- 
sorbed on soot recovered from the atmos- 
phere were found to differ quantitatively 
from those in diesel- and gasoline-engine 
exhausts. Studies of secondary sources of 
hydrocarbon pollution failed to account for 
the observed discrepancy. The differences 
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stances when one-hour exposure was equiva- 
lent to 100 hours of natural smog exposure. 
The absorption spectra of reaction products 
contributed little to the elucidation of the 
mechanism of destruction. 

3,4-Benzpyrene alone reacted to light en- 
ergy by means of a markedly increased rate 
of destruction. Exposure to air in the dark 
for a 48-hour period was followed by 100% 
recovery of the pure benzpyrene whereas 
only 78% could be recovered in similar 
experimental circumstances except that arti- 
ficial daylight was substituted for darkness. 

Exposure of aromatic polycyclic hydro- 
carbons adsorbed on soot to air, light, and 
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smog followed by analyses for the adsorbed 
hydrocarbons showed different rates of de- 
struction, all of which fitted into a pattern 
consistent with an explanation for the differ- 
ences in the hydrocarbon composition of 
polluted air when contrasted with the com- 
position at the site of pollutant emission. 


SUMMARY AND CONCLUSIONS 


It has been shown that the aromatic poly- 
cyclic hydrocarbons vary in their stability in 
the atmosphere, with 3,4-benzpyrene belong- 
ing to the group with maximum relative 
stability. The destruction of aromatic poly- 
cyclic hydrocarbons in the atmosphere indi- 
cates that their stability is consistent with 
survival in the atmosphere for sufficient 
periods to be respired by exposed. popula- 
tions. Even in the presence of a strung 
oxidizing atmosphere, such as occurs in 
characteristic Los Angeles smog, the rate of 
destruction of 3,4-ben »yrene is lower than 
that of many other hydrocarbons. In other 
areas where this atmospheric property is 
less significant, the 
markedly greater. 


stability should be 


The conclusions reached are as follows: 


1. A varying effect of the atmosphere on 
the survival of individual aromatic polycyclic 
hydrocarbons, including 3,4-benzpyrene, has 
been demonstrated. Investigators studying 
the carbon and aromatic polycyclic hydrocar- 
bon content of human lungs should be aware 
of the differences in the stability properties 
of these compounds. 

2. Variations in the stability of this group 
of compounds limit the use of any one as an 
accurate index of over-all atmospheric poly- 
cyclic hydrocarbon pollution. 

3. Significant differences in stability in the 
light and the dark have been demonstrated 
for certain compounds. 


4. Differences in the destruction rate of 
aromatic polycyclic hydrocarbons in their 
pure unadsorbed state and while adsorbed 
on soot must be attributed to the modifying 
effect on the hydrocarbons of the soot particle 
acting as carrier. 
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LARS FRIBERG, M.D., Stockholm 


Edathamil calcium-disodium (CaEDTA) 
has been shown in animal experiments and 
clinical trials to increase the urinary elimina- 
tion of lead. Therapeutic dosage of edathamil 
calcium-disodium did not produce observable 
toxic symptoms.* Increase of the urinary 
content of yttrium, americium, and pluto- 
nium has also been obtained in animals 
given this drug.f 

The Swedish, British, and German liter- 
ature contains reports of chronic cadmium 
poisoning, with severe pulmonary damage 
and systemic symptoms.t With the object 
of investigating the possible therapeutic use 
of edathamil calcium-disodium in such 
poisoning, I have studied the action of this 
substance on the excretion, distribution, and 
toxicity of cadmium in animals. 

Distribution and excretion studies were 
made with radioactive cadmium § (Cd'*%\— 
half-life, 43 days; specific activity at the 
beginning of experiments, approximately 
1 mc. per gram). The method of analysis 
was essentially the same as that used in my 
earlier experiments with radioactive cadmi- 


Received for publication May 15, 1955. 

From the Institute of Hygiene, Karolinska Insti- 
tute, and the Department of Industrial Hygiene, 
National Institute of Public Health. 

* References 1 to 3. 

+ References 1 and 4. 

t References 5 to 7 and 11; Bonnell, J.: Personal 
communication to the author. 

§ Supplied by the Atomic Energy Research 
Establishment, Harwell, England. 
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A Study of the Excretion, Distribution, and Toxicity of Cadmium in Animals 


um.|| For the experiments concerning toxic- 
ity, nonradioactive cadmium was employed. 

The preparation was Mosatil (Bayer). 
containing 120 mg. of edathamil calcium- 
disodium per milliliter of solution. 


ACTION OF EDATHAMIL CALCIUM-DISODIUM 
ON ACUTE TOXICITY OF CADMIUM 


Mortality—In five groups of eight male 
albino rats (weight about 250 gm.), the 
mortality rate was recorded 14 days after 
subcutaneous injection of 0.3% cadmium 
sulfate solution (1 ml.—1.3 mg. Cd). 
L. D. 5» was approximately 6 mg. of Cd per 
kilogram of body weight (Table 1). 

In rats injected with a mixture of 
cadmium sulfate and edathamil calcium- 
disodium, the mortality was considerably 
reduced. This was also the case with rats 
given edathamil calcium-disodium intraperi- 


|| References 8 and 9. 


Taste 1.—Influence of Edathamil Calcium-Diso- 
dium on Mortality After Subcutaneous 
Injection of Cadmiwm in Rats 


Surviving Rats 


No. After 
14 Days 


Dose, Mg/Kg. Body Weight 
oa Rats, No. After (= After 


“Cadmium CaEDTA No. OneDay 7 Days) 
4.0 ~ 8 8 8 
5.3 — 8 7 5 
6.9 5 3 
9.1 8 3 0 
12.0 8 0 0 
7.7 500 xX 3 8 8 8 
34 500 X 3 7 1 
15.4 250 x 3 8 5 2 
5.4" 500* 8 3 


* Cadmium and edathamil calcium-disodium were mixed 
and injected together subcutaneously. 
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toneally three times in the eight hours im- 
mediately following subcutaneous injection 
of cadmium sulfate (Table 1). 

ACTION OF EDATHAMIL CALCIUM-DISODIUM 
ON EXCRETION AND DISTRIBUTION OF CADMI- 
UM FOLLOWING SINGLE EXPOSURE TO 
CADMIUM 
Cadmium was injected intravenously as a 0.3% 
aqueous solution of cadmium sulfate containing 


radioactive cadium. The experimental animals were 
six male albino rabbits weighing about 3 kg. 
Two rabbits (Group I) were given 0.8 mg. of 
Cd per kilogram of body weight and two (Group 
II) a mixture of 0.8 mg. of Cd and 500 mg. of 
edathamil calcium-disodium per kilogram. The re- 
maining two rabbits (Group III) received first 0.8 


Total excreted Cd (yg) 


Log. scale 
| 
1000 | 
100 
| 


Hours 


10 20 40 


o—— Controls (no EDTA) 


50 


o——e EDTA four hours after cadmium 
o———e Mixture of EDTA and cadmium sulphate 


Fig. 1.—Action of edathamil calcium-disodium on 
the urinary excretion of cadmium after a single 
intravenous injection of cadmium sulfate. The 
curves show the accumulated excretion of cadmium. 


CADMIUM POISONING 


Tasie 2.—Action of Edathamil Calcium-Disodium on Organic Distribution of Cadmium 
(Total in Micrograms) After Single Cadmium Exposure 


mg. of Cd per kilogram and four hours later, also 
intravenously, 500 mg. of edathamil calcium-diso- 
dium per kilogram. 

The urine was collected by catheterization after 
2, 4, 6, 8, 24, and 48 hours. The rabbits were then 
killed by a blow on the neck and bleeding. The 
cadmium content in the urine, liver, kidneys, spleen, 
and pancreas was determined. The kidneys were 
microscopically examined.f 


Figure 1 shows that, when edathamil calci- 
um-disodium was administered together with 
cadmium, the renal elimination of the latter 
substance was increased about 500 times. 
When edathamil calcium-disodium was not 
given until four hours after the cadmium 
injection, the excreted cadmium was about 
50 times that in the control rabbits. In both 
experiments the excretion of cadmium was 
greatest in the period immediately following 
the administration of edathamil calcium- 
disodium. 

The cadmium content of the liver, kidneys, 
spleen, and pancreas is reported in Table 
2. In the two rabbits (Group II) given 
cadmium and edathamil calcium-disodium 
simultaneously, the figures were considerably 
lower than in the other animals. The differ- 
ence was particularly great in regard to the 
liver. The controls (Group I) and the rab- 
bits injected with edathamil calcium-disodi- 
um four hours after cadmium administration 
(Group III) did not differ so widely. It 
was remarkable that in this last group the 
cadmium content, especially in the kidneys 
but also in the spleen and pancreas, was 
higher than in the controls. 


{ The microscopic examinations were carried out 
by Prof. Gésta Hultquist, M.D., of Gothenburg 
University. 


Group* Liver 
1,970 
1,82: 
Controls I 1,680 825 
1 
— 43 

rabbits 

lll 1,590 1 590 
1,450 


* For explanation of the groups, see text. 


Kidneys 


Spleen Pancreas 
72 
0.31 994 OR 
0.11 
3.87 — 
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Microscopy of the kidneys showed fairly 
severe fatty infiltration and slight parenchy- 
mal degeneration in the tubules of one of 
the rabbits given edathamil calcium-disodium 
four hours after cadmium. Otherwise no 
significant renal changes were observed. 
ACTION OF EDATHAMIL CALCIUM-DISODIUM 
ON EXCRETION, DISTRIBUTION, AND TOXICITY 

OF CADMIUM FOLLOWING PROLONGED 
EXPOSURE TO CADMIUM 

Twelve male albino rabbits (weight about 3 kg.) 
were given daily for three weeks subcutaneous in- 
jections (18 in all) of 0.65 mg. of Cd per kilogram 
of body weight. The injected substance was a 0.3% 
aqueous solution of cadmium sulfate (1 ml. = 1.3 
mg. Cd) containing radioactive cadmium. 

Eleven days after these injections eight of the 
rabbits received twice daily 300 mg. of edathamil 
calcium-disodium per kilogram by intravenous in- 
jection. The other four rabbits acted as controls 
(Group IV). Two of the treated animals (Group 
V) and two controls were killed after three days. 
In three of the treated rabbits (Group VI) the 
same dosage of edathamil calcium-disodium was 
continued for three more days, while the other 


Tota: excreted Cd (yg). 


1400 

1200. 7 
4 
4 
1000 
4 
4 

800 a 


600 


400 


200 


Controls (no EDTA) 
EDTA 300mg twice daily 
EDTA 400 mg thrice daily 


Fig. 2.—Action of repeated administration of 
edathamil calcium-disodium on the urinary excre- 
tion of cadmium after prolonged exposure to cad- 
mium sulfate. The curves show the accumulated 
excretion of cadmium. 
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TasBLe 3.—Action of Edathamil Calcium-Disodium 
on Organic Distribution of Cadmium 
(Total in Micrograms) After Prolonged 
Cadmium Exposure 


Group* Liver Kidneys Spleen Pancreas 
27,409 982 42 20 
29,651 1,628 18 57 
Controls TV 25,806 2198 18 41 
28,059 1,390 15 31 
Vv { 22,145 1,782 15 22 
24,154 1,969 70 22 
re 27,549 1,827 37 25 
— VI { 22961 872 30 
26,010 1,746 ll 23 
22,412 1,115 20 16 
Vil 30,999 61 22 18 
29,072 1,550 19 47 
IV 26,481 1,532 23 37 
Mean 
V-VII 25,575 1,440 28 26 


* For explanation of the groups, see text. 


three (Group VII) during this period received 400 
mg. per kilogram thrice daily. The rabbits were 
thereafter killed by a blow on the neck and bleed- 
ing. 

After the commencement of administration of the 
chelating agent, the urinary excretion of cadmium 
was measured daily. At the end of the experiments 
the cadmium content in the liver, kidneys, spleen, 
and pancreas was determined. In order to obtain 
24-hour specimens of urine, the rabbits were placed 
in metabolic cages and were also catheterized once 
daily. During this period 3 mg. of oxytetracycline 
was given by intramuscular injection twice each 
day as prophylaxis against urinary tract infection. 

Figure 2 shows that in all cases the admin- 
istration of edathamil calcium-disodium 
brought about increased renal elimination of 
cadmium. Relatively large individual differ- 
ences were recorded. (Note that the figure 
presents the accumulated excretion of cad- 
mium.) This increase was largely main- 
tained at the same level during the entire 
week of treatment. The dosage level of 
edathamil calcium-disodium had no demon- 
strable effect on the excretion of cadmium. 


The cadmium content in the liver, kidneys, 
spleen, and pancreas is shown in Table 3. 
No significant difference was observed in 
this respect between the treated and the 
control rabbits. 


One of the rabbits which had received 
the higher dosage of edathamil calcium- 
disodium died on the last day of the experi- 
was not 


Postmortem examination 
performed. 


ments. 
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Microscopy of the other animals revealed 
that approximately hali of them had slight 
liver cirrhosis, with no difference between 
treated and control rabbits. The kidneys of 
7 of the 11 rabbits examined showed degen- 
erative changes in the tubules (fatty infiltra- 
tion and parenchymal degeneration). Six 
of the affected rabbits had been given edatha- 
mil calcium-disodium. In three of the six 
there was severe renal damage, with partially 
necrotic lesions of the tubules (Fig. 3). Of 
these rabbits two had received the lower and 
one the higher dosage of the drug. 


COMMENT 


After single exposure to cadmium admin- 


istration of edathamil calcium-disodium 


brought about an extremely intensified renal 
elimination of cadmium, and after prolonged 
cadmium a 


exposure to not insignificant 


increase. It would therefore seem clear that 


Fig. 3.—Necrosis and parenchymal degeneration 
of the renal tubules. 


In addition to cadmium sul- 
fate the rabbits had received 300 mg. of edathamil 
calcium-disodium twice daily for six days. 


in certain circumstances edathamil calcium- 
disodium can prevent the accumulation of 
cadmium and to some extent mobilize already 
accumulated cadmium. 

Treatment with this drug after prolonged 
exposure to cadmium was continued for one 
week, The heightened cadmium excretion 
persisted during the whole of that time. It 
is therefore probable that still longer admin- 
istration of the chelating agent would fur- 


ther have increased the total urinary elimina- 
tion of cadmium. Raising the dosage of 
edathamil calcium-disodium, on the other 
hand, would presumably have been without 
effect in this respect, as the cadmium excre- 
tion was roughly similar with the two dos- 
ages employed. It is even possible that the 
same increase of excreted cadmium may be 
obtainable with lower dosage of the drug. 

Organ analyses after single exposure to 
cadmium showed that edathamil calcium- 
disodium mainly reduced the accumulation of 
cadmium in the liver, while the renal content 
was relatively high. In rabbits given edatha- 
mil calcium-disodium four hours after injec- 
tion of cadmium, the renal cadmium content 
was, in fact, considerably higher than in 
control rabbits. The increased urinary elim- 
ination in the experiments with prolonged 
cadmium exposure was not accompanied by 
a demonstrable decrease in the organic cad- 
mium content. This, however, was not to be 
expected, considering the short period of 
treatment with edathamil calcium-disodium 
and the low cadmium excretion relative to 
the amount of administered cadmium. 


The results of the toxicologic studies were 
not completely uniform. On the one hand, 
edathamil calcium-disodium brought about a 
diminution of acute cadmium toxicity in rats. 
Two days after single exposure to cadmium 
and subsequent treatment with the drug no 
important pathologic-anatomic changes were 
seen in the kidneys of rabbits, the kidney 
being the organ which is of special interest 
in this connection. On the other hand, when 
edathamil calcium-disodium was given daily 
for one week to rabbits which for three 
weeks had received repeated injections of 
cadmium, some of them showed fairly severe 
degenerative renal changes. These were ab- 
sent in rabbits given cadmium alone. In al’ 
probability the damage was caused not by 
the calcium chelate but by the combined 
action of cadmium and edathamil calcium- 
disodium, since the dosage of the latter sub- 
stance did not exceed that earlier shown not 
to give rise to such changes. Further, had 
edathamil calcium-disodium as such been the 
injurious agent, the damage should have been 
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severest in the rabbits given the highest 
dosage. This, however, was not the case. 

The cause of the above-described toxicolo- 
gic discrepancies between experiments with 
single and prolonged exposure is not clear. 
The administration of edathamil calcium- 
disodium, however, was of longer duration 
in the latter experiments. It is also possible 
that prolonged exposure to cadmium gave 
rise to slight renal damage, not demonstrable 
on pathologic-anatomic examination, before 
the administration of edathamil calcium-di- 
sodium was begun. This would provide more 
favorable conditions for the development of 
serious lesions. 


It has been presumed’ that edathamil 
calcium-disodium and lead are carried in the 
blood as a nonionic complex. If cadmium and 
edathamil calcium-disodium comprise a simi- 
lar complex, it is possible that cadmium, 
during its passage through the kidneys, is at 
least partially freed and may be nephrotoxic. 
Analogous experience has been recorded in 
the treatment of cadmium poisoning with 
dimercapro! (BAL)."° 


The main purpose of the present experi- 
ments was to investigate the possibility of 
using edathamil calcium-disodium in human 
subjects with chronic cadmium poisoning. 
In this condition relatively large amounts of 
cadmium can be demonstrated in certain in- 
ternal organs many years after exposure to 
cadmium has ceased.# The prerequisites 
for use of this drug in treatment of chronic 
cadmium poisoning in man are reasonable 
evidence that edathamil calcium-disodium 
considerably increases the renal elimination 
of cadmium and that no serious side-effects 
need be feared. In this investigation the first 
requirement was to some extent fulfilled, but 
not the second. It would therefore appear 
inadvisable at present to give edathamil calci- 
um-disodium to persons with chronic cadmi- 
um poisoning, or, at any rate, not until more 
extensive animal experiments have been 
carried out, possibly with the drug in lower 
dosage. 


# Reference 5 and Friberg, L.: 
data. 
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Great caution is also necessary in acute 
cadmium poisoning. Toxicologic studies 
should be performed on animals which have 
inhaled cadmium as dust and vapor. 

The findings in the present experiments 
with edathamil calcium-disodium in cadmium 
poisoning also indicate the necessity of ani- 
mal experiments before the drug is tested 
in persons suffering from the effects of other 
nephrotoxic substances, e. g., mercury. 


SUMMARY AND CONCLUSIONS 


The action of edathamil calcium-disodium 
(CaEDTA) on the distribution, excretion, 
and toxicity of cadmium was studied in rab- 
bits and rats. Cadmium analyses were per- 
formed with radioactive tracer technique. 
Cadmium was given intravenously and sub- 
cutaneously as a 0.3% solution of cadmium 
sulfate. 

Excretion and Distribution of Cadmium.— 
A mixture of cadmium and edathamil calci- 
um-disodium given intravenously to rabbits 
increased the urinary cadmium content to 
about 500 times that of controls which had 
received cadmium alone. Edathamil calcium- 
disodium given four hours after the cadmium 
injection increased the cadmium elimination 
about 50 times. 

Daily intravenous injection of the calcium 
chelate for one week in rabbits which had 
received cadmium for three weeks (with the 
last injection 11 days before treatment with 
the agent) increased the cadmium elimina- 
tion 5 to 25 times. The increase persisted 
during the entire week in which edathamil 
calcium-disodium was injected. 

In single exposure to cadmium, the main 
action of edathamil calcium-disodium was 
to prevent accumulation of cadmium in the 
liver. In animals given the drug four hours 
after cadmium, the kidneys in particular 
showed a higher cadmium content than in 
controls given cadmium alone. 

After prolonged exposure to cadmium, the 
increased urinary excretion of this substance 
resulting from treatment with edathamil cal- 
cium-disodium did not lead to demonstrable 
reduction of the cadmium content in the 
organs. 
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EDATHAMIL CALCIUM-DISODIUM IN 


Toxtcology.—In some rabbits with pro- 
longed exposure to cadmium, severe degen- 
erative renal changes were observed after 
treatment with edathamil calcium-disodium, 

In rats with single exposure to cadmium, 
on the other hand, edathamil calcium-disodi- 
um diminished the toxicity of cadmium. 

Despite a favorable action on the excre- 
tion of cadmium, it is considered at present 
contraindicated to administer edathamil calci- 
um-disodium to persons with cadmium 
poisoning, at any rate in its chronic form. 
The experimental results also stress the 
necessity for animal experiments before eda- 
thamil calcium-disodium is used in persons 
suffering from the effects of other nephro- 
toxic substances. 
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Because of its varied chemical charac- 
teristics and reactivity, hydrazine is a valu- 
able industrial reagent.’ It is used as a pre- 
servative and photographic developer, in 
metal processing, as a surface-active agent 
and in the production of plasticizers, in 
insecticides and pharmaceuticals, in organic 
syntheses, and, probably the currently most 
extensive use, as a propellant in jets and 
rockets. The extremely high toxicity of this 
compound introduces a need for an effective 
prophylactic or therapeutic agent to counter- 
act the hydrazine poisoning to which workers 
in such industrial plants may be exposed. 

In a study of isonicotinylhydrazide (INH) 
used as a chemotherapeutic agent in tuber- 
culous infections, it was observed in this 
Laboratory that in mice certain amino acids 
were effective and also that certain a-keto 
acids showed promise in reducing the toxicity 
of this hydrazine derivative.* With the 
thought that such compounds might also 
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detoxify hydrazine itself, three amino acids 
effective with INH were tested. The results 
were negative. Several a-keto acids were 
then studied for their activity as possible 
detoxifying agents in mice. The present re- 
port describes the effect of certain a-keto 
acids on hydrazine toxicity. 

Cole and co-workers* reported the ob- 
servation of a therapeutic effect of some 
organic acids, used in conjunction with bar- 
biturates, for treatment of experimental 
hydrazine poisoning in mice. The acids were 
selected because of their role in carbohydrate 
metabolism; which Underhill + had shown 
to be altered in hydrazine poisoning. The 
barbiturates were employed to counteract 
the convulsions produced by hydrazine. Of 
the eight acids investigated, sodium pyruvate 
gave the longest survival time of the mice 
and was therefore subjected to further study. 
The optimum result was obtained when a 
single intraperitoneal dose of hydrazine of 
100 mg/kg. (a uniformly lethal dose) was 
followed by four intraperitoneal doses of 
thiopental (immediately, one, three, and 
five later) and four subcutaneous 
doses of sodium pyruvate (immediately, two, 
four, and six hours later). The total amount 
of pyruvate, at the rate of 1 gm/kg. in each 
dose, was 80 mg. per 20 gm. mouse. With 
this treatment, 12 out of 12 albino mice 
survived. When the amount of hydrazine 
was increased to 125 mg/kg., 9 out of 12 
mice survived. 


hours 


Experiments with sodium pyruvate in this 
laboratory gave results which confirmed the 


+ References 4 to 8. 


7] 

i 
|_| 


REDUCING HYDRAZINE TOXICITY 

above findings. However, the treatment dif- 
fered in several respects. No anticonvulsant 
was used. All treatments 
tube. The hydrazine, 125 
lowed in 30 minutes by sodium pyruvate, 
4.125 gm/kg. (82.5 mg. per 20 gm. mouse, 
equivalent to 0.75 mM.); then, because of 
some indications of illness, further doses of 
pyruvate were given at 24 and 48 hours, 
respectively. All 10 DBA mice tested sur- 
vived for the 10-day period of observation. 
The same results were obtained when the 
initial dose of pyruvate was given 30 minutes 
before the hydrazine, with additional doses 
at 24 and 48 hours later. With a single dose 
of 2.75 gm/kg. (55 mg. per mouse, or 0.5 
mM.) of pyruvate given 30 minutes before 


were by stomach 
mg/kg., was fol- 


TABLE 1.—Treatment of Hydrazine Poisoning in Mice with a-Ketoglutaric Acid (Sodium Salt) 


hydrazine for a 
0.5 ml. 


20 gm. mouse was contained in 


Alpha-Ketoglutaric Acid. — Sufficient chemical 
was weighed, dissolved in water, neutralized with 
4 N sodium hydroxide, and made up to give in 
0.5 ml. the desired amount of free acid for a 20 gm. 
mouse. 

For both chemicals, the mode of administration 
was by stomach tube. The mice used were of the 
inbred strain of DBA mice maintained at the Na- 
tional Institutes of Health. 


1. TREATMENT OF 
MICE 


HYDRAZINE POISONING IN 
WITH a-KETOGLUTARIC ACID 

The acute toxicity of hydrazine by gavage 
in DBA mice was found to be 100 mg/kg., 
or 2 mg. per 20 gm. mouse, with no sur- 
vivors. This toxicity is identical with that 
reported by Cole and associates by intra- 


Hydrazine, Acid, 
Mg./Kg. 


* Experiment terminated after 10 days. 


this amount of hydrazine, 8 out of 10 mice 
survived but were ill 24 hours later. Whether 
it would be possible to find a suitable dose 
of pyruvate for 100% survival without toxic 
manifestations following the hydrazine is not 
established, but the implication is that such 
a dose might be unduly large. Consequently 
it seemed advisable first to test other a-keto 
acids. Hence trials were made of a-keto- 
isocaproic, oxalacetic, and a-ketoglutaric 
acids, with resulting survival of 0%, 70% 
and 100%, respectively. Since the most effec- 
tive compound was a-ketoglutaric acid, this 
compound was subjected to the further stud- 
ies reported here. 


MATERIALS AND METHODS 
Hydrazine Hydrate—Sufficient chemical was 
measured with a micropipette and diluted with 
water to a volume such that the amount of free 


Surviving 


Method of DBA Mice, Mice,* Survivors, 

Treatment No. No. Per Cent 
13 13 100 
9 0 0 
Therapeutic 30° 20 19 95 
43 0 0 
Therapeutic 30’ 50 40 80 
Prophylactic 30’ 49 98 
Prophylactic 30’ 20 19 95 
Prophylactic 30’ 19 13 68 


peritoneal administration in albino mice. The 
a-ketoglutaric acid : AKG), neutralized, was 
found to be lethal in a dose of 3.6 times as 
much as the maximum dose (3.65 gm/kg.) 
used in these experiments; i. e., with 13.3 
gm/kg. only two of nine mice survived for 
72 hours, but with the 3.65 gm/kg. used here 
all mice survived. 

The effect of AKG on the toxic reaction 
produced by 100 mg/kg. of hydrazine by 
gavage in DBA mice is shown in Table 1. 
The dose of AKG, which was given 30 
minutes after the hydrazine, was 0.5 mM. or 
3.65 gm/kg. Although some animals ap- 
peared ill for several hours (loss of activity, 
ruffled coat, and hunched posture), 19 of 
the 20 survived the 10 days of the experi- 
ment. With a larger dose of hydrazine, 
125 mg/kg., this same quantity of acid was 
only 80% effective, for in a series of four 
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experiments totalling 50 mice 40 animals 
survived. At the same time, the prophylactic 
effect of AKG was tested for possible detoxi- 
fying action 30 minutes before the hydrazine. 
The mice so treated withstood the 125 mg/ 
kg. of hydrazine without toxic manifesta- 
tions, and in four experiments a total of 49 
out of 50 mice survived until the experiments 
were terminated (10 and 26 days). An 
experiment was then carried out to ascertain 
whether this amount of AKG was adequate 
to protect against larger quantities of hydra- 
zine. With the same prophylactic procedure, 
19 of 20 mice survived a 150 mg/kg. dose 
of hydrazine, but after a 200 mg/kg. amount 
only 13 of 19 animals survived. Thus, a 
single administration of AKG given 30 min- 
utes before the hydrazine was sufficient to 


mg/kg. dose of hydrazine. A further reduc- 
tion, however, to one-fourth the amount of 
AKG (0.125 mM.) was found to be inade- 
quate to protect the mice, and all 10 animals 
died. The Table showed again that the pro- 
phylactic procedure was somewhat more 
effective than the therapeutic with the 
amounts of chemicals used, for 0.5 mM. of 
AKG given 30 minutes after hydrazine per- 
mitted only 80% survival, and half that 
amount only 30% survival. It is not known 
whether larger amounts therapeutically 
would be more effective. Again as in the 
previous experiment, the amounts necessary 
for 100% survival were in the ratio of 5 to 1 
prophylactically and more than that thera- 
peutically. 


Tas_e 2.—Effect of Various Amounts of a-Ketoglutaric Acid (Sodium Salt) 


on Hydrazsine Toxicity in Mice 


a-Ketoglutaric 
Acid, 


Hydrazine, 
Mg./Keg. Gm./Kg. 


protect 68% of the mice against an amount 
of hydrazine which was twice the lethal dose, 
or 98% to 100% of the mice against one 
lethal dose. In other words, per millimole 
of hydrazine, at least 5 mM. of AKG was 
necessary for prophylaxis and more for 
therapeutic treatment. 


2. EFFECT OF VARIOUS AMOUNTS OF a-KETO- 
GLUTARIC ACID ON HYDRAZINE 
TOXICITY IN MICE 

Results are given in Table 2 of tests of 
various concentrations of AKG with a con- 
stant dose of hydrazine in excess of that 
known to be 100% lethal for mice. Both 
prophylactic and therapeutic procedures were 
used. The 0.5 mM. of AKG (3.65 gm/kg.) 
was given prior to a 125 mg/kg. dose of 
hydrazine and resulted in 98% survival. 
When the amount of AKG was reduced to 
one-half, 80% of the mice survived the 125 
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Surviving 

Method of DBA Mice, Mice, Survivors, 

Treatment No. No. Per Cent 
Prophylactic 30’ 50 49 98 
Prophylactic 30’ 10 8 80 
Prophylactic 30’ 10 0 0 
Therapeutic 30’ 50 40 80 
Therapeutic 30’ 10 3 30 
Therapeutic 30’ 10 0 0 


3. DURATION OF THE PROPHYLACTIC EFFECT OF 
a-KETOGLUTARIC ACID ON HYDRAZINE POISONING 

The duration of the prophylactic effect of 
AKG in mice given prior to a 125 mg/kg. 
dose of hydrazine was tested in this experi- 
ment by separating administration of the two 
chemicals by intervals of from one-half to 
six hours. For the shorter intervals, one-half 
and one hours, 20 mice were used for each 
dose, as indicated in Table 3. For the others, 
mice in five groups of 10 were given 0.5 mM. 
of AKG; then at the specified times, two, 
three, four, five, and six hours later, a dose 
of 125 mg/kg. of hydrazine was given each 
mouse, Survivors in each group were ob- 
served for 26 days when the experiment was 
terminated. The 29 control mice which 
received hydrazine but no AKG all died 
within six hours. With the half-hour interval 
between chemicals, all the 20 mice survived. 
This confirmed the previously observed 98% 
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survival. With increasing time between 
chemicals, the mortality rate increased, with 
50% survival in the three-hour group and 
no survivors in those of the four-, five-, or 
six-hour groups. In other words, a single 
dose of AKG (0.5 mM.) was found to be 
a completely effective prophylactic to count- 
eract hydrazine poisoning (125 mg/kg.) in 
mice after a half-hour interval but was of 
decreasing effectiveness as the time interval 
increased. 
COMMENT 


The compound studied here, a-ketoglutaric 
acid, was effective in mice both prophylacti- 
cally and therapeutically when the hydrazine 
was given orally in lethal amount (100 mg/ 
kg.). With larger doses of hydrazine, up to 


acid (neutralized) without anticonvulsant 
was effective against more than a minimal 


lethal dose of hydrazine in mice. 


SUMMARY 

The acute toxicity of hydrazine by gavage 
in DBA mice was found to be 100 mg/kg. 
Alpha-ketoglutaric acid (sodium salt) count- 
eracted this toxicity to the degree that 0.5 
mM. administered 30 minutes after this 
hydrazine dose permitted 95% survival of 
the mice, or after 125 mg/kg. of hydrazine 
80% survival. By either therapeutic or pro- 
phylactic procedure, AKG in amounts less 
than 0.5 mM. was less effective. In the pro- 
phylactic method, intervals of one to two 
hours between AKG and the 125 mg/kg. 


Tas_e 3.—Duration of the Prophylactic Effect of a-Ketoglutaric Acid (Sodium Salt) on 
Hydrazine Poisoning in Mice 


Interval 
a-Ketoglutarie Between Surviving 

Acid, Hydrazine, Chemicals, DBA Mice, Mice,* Survivors, 

Gm./Kg. Mg./Kg. Hr. No. No. % 
125 29 0 0 
125 2 10 8 80 
125 3 10 5 50 
con 125 6 10 0 0 


* Experiment terminated after 26 days. 


twice the toxic dose, the prophylactic pro- 
cedure appeared to be more effective than 
the therapeutic. 

In all the experiments reported here, the 
oral route of administration was employed. 
Information is lacking as to the degree of 
effectiveness of AKG against hydrazine 
poisoning by other routes. With sodium 
pyruvate, Walton and collaborators *® stated 
that either before or after hydrazine this 
chemical given intravenously was essentially 
negative. Yet Cole and co-workers * obtained 
positive results when hydrazine was given 
intraperitoneally and sodium pyruvate sub- 
cutaneously in several doses along with 
barbiturates. In the present study by gavage, 
a single prophylactic dose of a-ketoglutaric 


dose of hydrazine resulted in 80% survival of 
the mice. The optimum conditions, with a 
survival rate of 98% to 100% of the mice, 
were found to be a dose of 0.5 mM. of AKG 
given 30 minutes prior to the lethal dose of 
hydrazine. 
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The investment-casting art began about 
4000 years ago. The exact beginnings are not 
actually known, but ancient statuary made 
by the cire-perdue (lost-wax) investment 
casting methods has been found among the 
ruins of the ancient Egyptians, Sumerians, 
and Chinese. Their statuary was first carved 
in wax which was then covered with wet clay 
and allowed to dry. The wax was melted out 
by heating over a wood fire, and then the 
clay was heated to cause it to become suffi- 
ciently strong to receive the metal. It will 
be remembered that in these early days only 
metals having a low melting point were 
available, and thus the type of clay available 
to the ancients was suitable for casting pur- 
poses. Many of the coins of the ancients 
were made by investment-casting techniques. 

The investment-casting art appears to have 
been lost for considerable time and was 
apparently rediscovered by the renowned 
goldsmith-sculptor, Benvenuto Cellini (1500- 
1571). Since then, investment casting tech- 
niques have been used by the jewelry and 
dental industries and for the construction of 
special surgical instruments. During World 
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War II their industrial application began 
on a large scale in the form of parts for 
the gas turbine for aircraft. The necessity 
for the manufacture of large quantities of 
gas-turbine blades and the lack of forging 
facilities stimulated greatly the use of in- 
vestment-casting techniques. Today, it is 
estimated that the sales in the investment- 


casting field are about $250,000,000.00 
annually. 
The frozen-mercury precision casting 


method became an industrial process only 
about five years ago. The rapid advance 
in the design of new equipment in the 
fields of transportation and power genera- 
tion, as well as in the electronics and heavy 
chemical industries, brought about a need 
for methods of fabricating metals which 
were heretofore not available. Parts were 
required in high nickel-chromium alloys, 
cobalt-base alloys, and super alloys used in 
gas turbines which could not be made easily 
by conventional production methods. While 
sand casting, forging, and machining methods 
are successfully used to make many parts 
from these new alloys, a large number of 
parts were required which could be produced 
more economically by investment-casting 
methods. As requirements for parts become 
more exacting, larger and more complicated 
uses of the frozen-mercury method will in- 
crease. The frozen-mercury process permits 
castings to be made within dimensional tol- 
erances of +0.003 in. per inch. 

The use of frozen mercury as pattern 
material arises from two fundamental physi- 
cal properties of mercury—the low volu- 
metric change on melting and the property 
which allows solid mercury to be self- 
welding. The volume change which occurs 
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during the melting out of the pattern is 
important because of the stresses which are 
imparted to the walls of the mold. In the 
case of wax the volumetric expansion is 
about 9% or a linear change of 3%. Thus, 
when wax is melted, assuming that the wax 
is not free to run out from the cavity, a 
strain of 0.3 in. per inch will be imparted 
to the mold wall. This strain is very large 
and sufficient to cause the mold walls to 
crack or break unless the walls are made 
sufficiently thick to withstand the stresses 
thus imparted. The amount of stress gen- 
erated during the melting tends to limit the 
size of the piece that can be made. In the 


Fig. 1—Pouring mercury into die. 


case of mercury the volumetric expansion 
is 3.5% or roughly one-third that of wax. 

The self-welding property, which is usually 
referred to as “booking,” permits the manu- 
facture of complex shapes, especially those 
having intricate internal cores. The booking 
is accomplished merely by bringing the solid 
mercury pieces together. Welding occurs 
upon contact. 

In principle the frozen-mercury process 
is simple. Mercury is poured into a die con- 
taining a cavity of the shape of the desired 
casting (Fig. 1). The mercury is frozen 
by immersing the die in an acetone-dry ice 
bath maintained at a temperature of minus 
100 F (Fig. 2). After the mercury is frozen, 
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Fig. 2—Immersing die in acetone-dry ice bath. 
the die is disassembled (Fig. In the 
case where a booking operation is necessary, 
the match plate is first removed, and the 


? 


two portions of the die are brought together 
so as to cause joining of the mercury sec- 
tions. The match plate is a plate which 
separates the two portions of the die and 
contains the core imprints. Through the 
use of guide pins alignment within 0.003 
of an inch is maintained. Of importance is 
the fact that in the direction perpendicular 
to the parting line no loss or gain of dimen- 
sions is encountered. 


Fig. 3.—Casting as removed from die. 
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INVESTMENT CASTING 


Fig. 4—Frozen-mercury casting being dipped in 
slurry. 


After the frozen mercury is renoved from 
the die, a ceramic shell mold is built up 
around it by successively dipping the pattern 
in a slurry containing refractory materials 
(Fig. 4). The slurry is kept at a temperature 
of minus 80 F, and the coatings are allowed 
to dry between each dipping. This procedure 
is repeated until a ceramic coating about 
¥g in. thick is obtained. The wet mold is 
then allowed to dry until it becomes suffi- 
ciently strong to handle. After this, the shell 
mold and mercury pattern are taken from 
the cold chamber and the mercury extracted. 


Fig. 5.—A “green” mold. 


BY FROZEN-MERCURY PROCESS 


Fig. 6—A group of fired molds. 


This is a simple process and consists merely 
of allowing mercury which is at room tem- 
perature to be squirted into the mold to 
cause the frozen-mercury pattern to melt. 
In some cases the molds are merely allowed 
to stand at-room temperature until the pat- 
tern warms up to a temperature above 
the melting point of mercury. The “green” 
molds (Fig. 5) are then given a_ baking 
treatment to insure complete removal of the 
solvent and are then placed directly into a 
furnace at 1850 F and held for two hours. 
Unlike other investment-casting procedures, 
it is not necessary to use preheating pro- 


Fig. 7.—Preparing molds for pouring. 
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cedures to prevent cracking or spalling of 
the molds, nor is it necessary to cool the 
molds under controlled conditions. The molds 
may be cooled to room temperature and 
stored, if desired, for indefinite periods of 
time (Fig. 6). This allows flexibility of 
scheduling of molds to the pouring floor and 
permits the mold to be inspected easily. 

The fired molds which are very strong 
and durable are packed in flasks, and loose 
sand is poured around them as a “backing-up 
material” (Fig. 7). This “backing-up mate- 
rial” serves as a support to the mold when 
molten metal is poured into it. After the 
metal is poured into the mold and sufficient 


Fig. 8.—Removing mold from casting. 


time is allowed for the metal to solidify and 
cool down, the casting is removed from the 
flask and the ceramic mold removed. The 
mold is easily removed by rapping the gate or 
sprue to which the casting is attached with 
a pneumatic hammer (Fig. 8). The frag- 
ments fall away from the casting, and those 
portions of the mold which form the core 
are easily shaken out. 


HEALTH PROTECTION 


It is apparent from the description of the 
process that several potential health hazards 
exist. Temperatures of minus 80 to 100 F 
require protection against frostbite but at 
the same time prevent any appreciable 
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volatilization of acetone. The ceramic ma- 
terial from which the molds are formed 
presents no serious problem, since it is used 
as a slurry and since it forms little dust 
upon removal from castings. The sand used 
as a “backing-up material,” likewise, pre- 
sents no real hazard. 

The only major potential health hazard 
is that due to mercury. The control of this 
hazard is based on the application of ac- 
cepted industrial hygiene principles and 
practices. As part of the program, all firms 
using the mercury-casting method are pro- 
vided with a brochure in which mercury 
poisoning and preventive measures are fully 
discussed. Some of the recommendations 
are given below. 

Preplacement Examinations.—In the se- 
lection of operators, those who show poor 
oral hygiene should be excluded. Those 
having full dentures are acceptable if the 
gums are in a healthy condition. Persons 
with a history of mental or kidney disease 
should be excluded, as should those who 
appear “nervous” or who have a tremor 
of the extremities. No employee should be 
started on the process without having had a 
physical examination. 

Periodic Examinations—Periodic exam- 
inations on operators and others exposed 
to mercury should be done at intervals of 
one to six months. Examinations of the 
teeth and gums, of the hands for tremor, 
and of the urine for albumin and blood cells 
are the most important features of the 
periodic examinations. The finding of gingi- 
vitis, tremor, or abnormalities in the urine 
call for prompt removal of the person from 
further possible exposure to mercury and 
for studies of the working environment. 

Rules for Personnel—The rules are as 
follows: 


1. No eating or smoking in the mercury area. 

2. Separate lockers should be provided for street 
and work clothes. 

3. Wash-up time should be provided, and washing 
should be required before lunch and quitting 
time and before any smoking period. 


4. Work clothes should be laundered at least 
twice a week. 
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5. A one-piece coverall is recommended in prefer- 
ence to a smock (no cuffs). A cap can be 
optional with the worker. Shoes are not con- 
sidered a serious problem, provided that rubber 
or plastic soles are used and that reasonable 
housekeeping is maintained. 


6. Good oral hygiene should be recommended and 
propagandized. 


Ventilation—lIn addition to reasonably 
good general ventilation, there are two steps 
in the process in which local ventilation is 
desirable—the melt-out and the firing of the 
molds. The former is done most safely under 
an exhaust hood. The firing ovens must be 
kept under negative pressure when opened 
to prevent contamination of the surround- 
ing space. 

Design of Work Area.—A\ll floors should 
be made of or covered with an impervious 
material to avoid trapping fine particles and 
droplets of mercury and should be slanted 
to drains or catch basins where the mercury 
will collect under a water cover. All floor- 
to-wall and floor-to-machinery joints should 
be covered. 

Housekeeping.—Housekeeping is probably 
the most important factor in protecting em- 
ployees against mercury toxicity. Any spill- 
age should be picked up immediately, and 
every precaution taken to avoid large evapo- 
rating surfaces of mercury in the atmosphere 
of the room. If the spillage occurs in an area 
where no cracks or crevices in the flooring 
may entrap mercury, it is sufficient to pick 
up the mercury and then spread “flowers 


of sulfur” on the floor. If cracks or crevices 
are present, it may be necessary to use a 
water-soluble vapor retarder, such as calcium 
polysulfide. The picking up of spillage should 
be accomplished with a vacuum line and 
water trap. Vacuum cleaners are generally 
unsatisfactory. While such cleaners pick up 
mercury and while the Rex Air uses a water 
trap, it has been shown that the fittings, 
hoses, etc., of these cleaners become con- 
taminated with mercury and blow mercury 
vapor into the room. 

If all other precautions, such as the 
above, are observed, it is desirable to wash 
down the room once a week or once a month 
(walls and floor) with a preparation of the 
thiosulfate type. An alternative for floor 
treatment is to use “flowers of sulfur” as 
a sweeping compound. This latter material 
may be used, however, only where the floor- 
ing is reasonably crack- and crevice-free. 


SUMMARY 


The use of frozen mercury as a pattern 
material in investment casting is made pos- 
sible by its low volumetric change on melting 
and its property of self-welding. Mercury 
as a pattern material is frozen in a die 
and invested with a ceramic material. The 
mercury is removed from the mold by being 
allowed to reach room temperature. The 
molds are baked prior to use for casting. The 
process creates a potential health hazard due 
to mercury. By the application of well- 
established engineering and medical control 
procedures, the hazard is easily controlled. 
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ait, Toxicity of Hydrazine 


LLOYD B. WITKIN, Ph.D., Richmond, Va. 


The ever-increasing use of hydrazine and 
its derivatives emphasizes the need for data 
concerning the toxicities of these compounds. 
The toxic nature of hydrazine was appre- 
ciated as long ago as 1890, when Loew ' 
injected hydrazine sulfate subcutaneously 
into a guinea pig and observed opisthotonus, 
clonic convulsions, vomiting movements, and 
paresis. Underhill * administered 50 mg/kg. 
of methylhydrazine subcutaneously to a rab- 
bit and noted convulsions. The administra- 
tion of 35 mg/kg. to a dog by the same 
route, however, caused the animal only to 
vomit and refuse food. Krop * quotes Thienes 
and Roth as giving the L. D.59 for hydrazine 
in mice (intraperitoneally) as 163 mg/kg. 
As a preliminary step in the study of their 
pharmacology, the acute toxicity of hydra- 
zine and some of its methylated derivatives 
was determined on several species of animals. 


Received for publication June 3, 1955. 
Department of Pharmacology, Medical College 
of Virginia. 


METHODS 


The acute toxicity of hydrazine, methylhydrazine, 
symmetrical dimethylhydrazine (1,2-dimethylhydra- 
zine), and unsymmetrical dimethylhydrazine (1,1- 
dimethylhydrazine) was determined in male Web- 
ster-Swiss mice (20 to 30 gm.) and male Wistar 
rats (100 to 200 gm.) by the intravenous, intra- 
peritoneal, and oral routes. The L. D.so values and 
their standard deviations were calculated by analysis 
of regression* using log-dose probit units. Ten 
animals at each of four significant points were used 
for each determination. The approximate intra- 
venous L. D.so for male mongrel dogs was estimated 
for a more limited number of tests with each of 
the compounds. Determinations were based on a 
10-day observation period. Solutions were neutral- 
HCl before administration. All 


were calculated in terms of the base. 


ized with doses 


RESULTS 

Table 1 presents the acute toxicity data 
for hydrazine, methylhydrazine, symmetrical 
dimethylhydrazine, and unsymmetrical di- 
methylhydrazine in the dog by the intraven- 
ous route and in the mouse and the rat by 
the intravenous, intraperitoneal, and oral 


TABLE 1.—Acute Toxicity of Hydraszine and Some of Its Methylated Derivatives 


Route of 
Administration 


I. ¥. 


Species 


I. P. 
Oral 


I. P. 
Oral 


NH2-NHe2 


L.D.s0+8.D., Mg./Ke. 
— 
CHsNH-NH2 CHsNH-NHCHs (CHs):N-NH: 
12 100 60 


33.2254 
32.30.3 
33.0+6.0 


291.5 
355.0 
368.0 


250+19 
29038 
26522 
33.0+4.5 
32.0+3.8 
32.5+1.4 


175+11.6 
1683.7 
1603.2 


119+3.8 
1315.1 
122+10.6 


ki 
tues 
— 
— 
} 
62+4.0 
597.2 
552.7 
593.9 
60+3.8 
: 34 


ACUTE TOXICITY OF HYDRAZINE 
TABLE 2.—/ntravenous Toxicity for Dogs of 
Hydrazine, Methylhydrasine, Symmetrical 


and Unsymmetrical Dimethylhydrasine 


Dose, Animals, Died, Lived, Mortality, 
Mg./Keg. No. No. Hr. Per Cent 
NHe-NHe 
20 2 0 0 
30 2 2 2.0 100 
CHsNH-NH2 
10 3 0 eee 0 
15 2 2 2.0 100 
20 1 1 15 100 
30 1 1 1.0 100 
50 1 1 0.5 100 
CHaNH-NHCHs 
100 2 1 aes 50 
125 2 2 3.0 100 
160 1 1 13 100 
200 1 1 100 
(CHs)eN-NHe 
25 1 0 0 
40 1 0 0 
1) 3 1 3.5 33% 
60 2 1 3.0 50 
100 1 1 2.0 100 


routes. The intravenous toxicity of these 
compounds for dogs is presented in some- 
what more detail in Table 2. Since the L. D.50 
determinations were based on a 10-day ob- 
servation period, it was felt advisable to 
include an illustration of the day-to-day 
death rate (Table 3). Intraperitoneal ad- 
ministration in the rat was arbitrarily chosen 
as an example. 


COMMENT 


A prominent action of all four of these 
compounds when administered in toxic doses 


is central nervous system stimulation. With 
the large number of animals used in this 
study, convulsions were always found to be 
a requisite for mortality of the animal with 
the methyl derivatives. The action of hydra- 
zine was somewhat capricious in this re- 
spect, especially in rats and mice, for many 
instances were noted in which the animals 
died without apparently going through a 
stage of hyperexcitability. 

The sequence of events following toxic 
doses of these compounds is interesting. Mice 
were placed in circular (9 in. diameter) 
metal cages after injection. During a latent 
period of 5 to 30 minutes no abnormal motor 
behavior was noted. Convulsions began with 
the animal running with what appeared to 
be maximal effort around the periphery of 
the cage. After one or two laps the animal 
passed into a tonic phase, which is char- 
acterized by violent extensor rigidity in all 
limbs. With sufficiently high doses, the ani- 
mals die during the tonic phase. With lower 
but still convulsive doses, the mice often 
go through several cycles of clonic-tonic 
seizures, separated by intervals of quiescence, 
before they finally succumb during tonic 
extensor rigidity. 

The route of adminisiration appears to 
have little influence over the toxicity of any 
of these compounds. This suggests complete 
absorption after oral administration and a 
slow rate of detoxification and/or excretion. 
In this connection it may be noted that 
McKennis and co-workers * found that un- 
anesthetized dogs excreted approximately 
50% of a 15 mg/kg. dose of hydrazine 


Tasie 3.—I/lustration of Death Rate After Intraperitoneal Administration of Hydrazine and Some of Its 
Methylated Derivatives to Rats* 


Compound 
NHe2-NHe 


CHsNH-NHe 


CHsNH-NHCHs 


(CHa)eN-NHe 


— 


*Ten animals 


at each dose level. 


Daily Death Rate 


> 


ooo 


— 


\ 

» 

Dose, — — - —, Total 
40 1 3 
70 5 8 ey 

35 6 6 
40 9 10 

150 0 4 | 
200 0 7 

110 3 3 
140 4 6 

35 

: 
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nitrogen within the first two days after the 
intravenous administration of hydrazine. 


SUM MARY 


The acute toxicity of hydrazine, methyl- 
hydrazine, symmetrical dimethylhydrazine, 
and unsymmetrical dimethylhydrazine by 
the intravenous route in dogs and by the 
intravenous, intraperitoneal, and oral routes 
in mice and rats has been presented. The 
route of administration has no influence 
over the toxicity of any of these compounds. 
All four compounds are convulsant poisons 
whose onset of action occurs after a latent 
period. 

Miss Jean Cosby and Miss Josephine Garber 
rendered technical assistance. 
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of Exposure Daring 


Application o Malathion 


DWIGHT CULVER, M.D. 


PAUL CAPLAN, B.S. (Ch.E.), M.P.H., Berkeley, Calif. 
and 


GORDON S. BATCHELOR, M.S., Wenatchee, Wash. 


High on the list of major public health 
problems encountered by residents in the 
Central Valley of California are the western 
equine and St. Louis encephalitides. Culex 
tarsalis mosquitoes are considered to be the 
principal vectors of these diseases. During 
the late spring of 1954 it became apparent 
from virus isolations that more of these 
mosquitoes carried western equine enceph- 
alitis than during previous periods of sur- 
veillance. Thus, the staff of the California 
State Department of Public Health felt that 
there was a threat of epidemic which might 
necessitate the use of insecticide aerosols in 
urban and suburban areas to recuce the adult 
mosquito population. 

Since Culex mosquitoes have shown con- 
siderable resistance to the commonly used 
chlorinated hydrocarbon insecticides, our 
entomologists felt it advisable to test the 
mosquito killing capacity of two recently 
developed organic phosphate insecticides, 
malathion (O, O-dimethyldithiophosphate of 
diethyl mercaptosuccinate) and chlorthion 
(O, O-dimethyl-O-3-chloro-4-nitro-phenyl- 


Accepted for publication June 9, 1955. 
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thiophosphate) which according to animal 
experimentation * have low mammalian tox- 
icity. This was proposed with the thought 
that in case of emergency it might be neces- 
sary to use these insecticides as aerosols in 
towns. 

The personnel of the California State De- 
partment of Public Health’s Bureau of Vec- 
tor Control, together with members of the 
United States Department of Agriculture, 
developed a testing program in pasture lands, 
using first malathion and _ subsequently 
chlorthion in Husman and Beskil aerosol 
generators.* A team of three men made pre- 
treatment landing rate counts of adult Aédes 
nigromaculus mosquitoes throughout pas- 
ture land test plots 220 yd. wide and 400 yd. 
long. Following these counts, the Husman 
or Beskil machine was transported across 
the upwind end of the plot at speeds adjusted 
so that either 1.5 gal. or 3 gal. of 2.5% or 
5% formulated insecticide was applied. Dur- 
ing application, which required from four 
and one-half to nine minutes per run, mem- 
bers of the three-man team were stationed 
in the test plot at distances ranging from 
10 to 75 yd. from the upwind end. They 
received exposures from the drifting aerosol 
cloud while making observations of the im- 
mediate effects of the insecticides on adult 
mosquitoes. Post-treatment mosquito counts 
were made by the three men 15 minutes to 
12 hours following aerosoling operations. 

According to the studies of Brown and 
Watson,* the aerosols produced by the Hus- 
man and the Beskil generators have a mass- 
median diameter of about 40» and 54y, 
respectively. 


* References 1 and 2. 
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The men aerosoled early in the mornings 
and late in the evenings when meteorological 
conditions were such that the aerosol clouds 
remained close to the ground and the wind 
velocities varied from one to nine miles per 
hour. They treated one to three plots morn- 
ing and evening, depending upon how long 
favorable meteorological conditions lasted. 

A jeep was used to carry the Husman 
machine and pull the Beskil trailer. During 
insecticide application one man walked be- 
hind and along the upwind side of the ma- 
chines in order to regulate the machinery 
and help clock the speed of the jeep. This 
man and the jeep driver did the formulating. 
The driver was principally responsible for 
pouring formulated insecticides into the 
tanks of the aerosoling machines. 

Results of the entomologicai aspects of 
the testing program will be published in the 
near future.} 


Since little information was available on 
the human toxicity of malathion and chlor- 
thion, the California State Department of 
Public Health invited the United States 
Public Health Service Toxicology Labora- 
tory, the American Cyanamid Company, and 
the Chemagro Corporation to participate in 
forming a medical environmental team to 
provide close medical observation for the 
men exposed. In addition, this team, com- 
posed of physicians, industrial hygiene engi- 
neers, laboratory technicians, and analytical 
chemists, hoped to obtain information on 
the following : 

(1) The relationship between measured exposure 

of workers and the results of medical obser- 


vations and clinical laboratory determina- 
tions. 

(2) The correlation of exposures with opera- 
tional variables, such as distance from point 
of application, meteorological conditions, ap- 
plication rates, and types of activity during 
and following application. 


+ Gjuillin, C. M., and Peters, R. F.: Effective- 
ness of Some Organic Phosphorous and Other 
Insecticides as Aerosols Against Mosquitoes, read 
before the 22d Annual Conference of the California 
Mosquito Control Association, 1954, and published 
in Proceedings. 
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(3) The patterns of exposure to various body 
areas and the relative amounts of insecticide 
available for absorption by the skin and 
respiratory system. 


(4 


An estimate of risk to operators during 
aerosoling and means of reducing significant 
exposures. 

(5) An estimate of the amount of danger to 
which inhabitants of towns might be exposed 
if it became necessary to use malathion or 
chlorthion as aerosols in towns threatened 
by epidemic encephalitis. 


MATERIALS AND METHODS USED TO OBTAIN 
EXPOSURE DATA 


To measure the amounts of insecticide deposited 
on the exposed skin surface of the men, these work- 
ers wore 1% in. by 16 in. absorbent alpha-cellulose 
headbands ¢ and 1% in. by 8 in. bands placed about 
their ankles under the trouser leg but over the socks. 
They also wore cotton knit gloves on the right or 
left hand, alternating hands for each succeeding ex- 
posure. The results of analysis of these collecting 
bands and patches were multiplied by factors 4 
which related them to the corresponding skin area 
exposed. 

To avoid as much as possible being bitten by the 
great numbers of mosquitoes encountered, the men 
wore long trousers and long-sleeved shirts buttoned 
at the wrists and neck. They often wore necker- 
chiefs and hats. Except during insecticide applica- 
tion to the field, the men frequently used either 
surgical face masks or head nets to prevent inhaling 
or swallowing mosquitoes when they were present 
in thick swarms. In order to obtain an estimate of 
what the skin exposure § would have been if these 
men had been more casually dressed in short-sleeved 
shirts open at the throat, 4 in. by 4 in. patches were 
taped to the forearms, back of the neck, and front 
of the neck. 

To measure inspiratory exposure,|| cellulose filter 
pads were placed in front of the cartridges of toxic 


t Purayonier-P, manufactured by Rayonier 
Corp., of New York. (The use of trade names is for 
the purpose of identification only and does not rep- 
resent endorsement by the authors. ) 

§ Skin exposure is the amount oi material which 
may have been deposited upon the exposed skin sur- 
face. What proportion of this was brushed or rubbed 
off and what proportion remained available for 
absorption until the men washed one to four hours 
later is unknown. 

|| The term “inspiratory exposure” used in this 
paper is the amount of insecticide calculated to have 
been taken in through the external nares of the per- 
son, not the amount thought to have entered the 
lungs. 


aN 

4 


AEROSOL APPLICATION OF 


dust respirators worn, not by the entomologists, but 
by the industrial hygiene engineers who accom- 
panied each man in the field. After each exposure 
the respirator pads were removed for analysis. The 
results of these analyses were used as a measure 
of inspiratory exposure. 

A total of 480 patches, bands, respirator pads, 
and gloves were analyzed for malathion by a modi- 
fied total phosphorus method.® The sensitivity of 
this method as applied to these exposures is 107 
per sample. Similarly, 306 samples were analyzed 
for chlorthion by the colorimetric method developed 
by the Chemagro Corporation.{ The sensitivity of 
this analysis as applied to these samples is 2Y per 
pad. 

Atmospheric sampling was done with all-glass 
midget impingers at the breathing zone of the mem- 
bers of the entomological team. Inspiratory ex- 
posure in terms of micrograms of insecticide was 
calculated from the atmospheric concentration of 
each exposure by multiplying the product of atmos- 
pheric concentration by duration of the exposures 
by an average breathing rate, which for all men 
was estimated to have been 14 liters per minute. 
M. S. A. midget impinger pumps and battery-driven 
Gast portable samplers were used as sources of 
suction. Preliminary tests in the industrial hygiene 
laboratory indicated that the midget impinger using 
ethyl alcohol as a collecting medium had a retention 
efficiency of more than 90% for this type of aerosol. 

A field chemical laboratory was established a few 
miles from the test plot to analyze impinger samples 
soon after their collection. The chemists determined 
that the analytical techniques for malathion ® and 
chlorthion § were sensitive to 10y when a Coleman 
Universal Spectrophotometer was used. 

At the time of each aerosol application in the 
field, meteorological data, including wind direction 
and velocity and wet- and dry-bulb thermometer 
temperatures, were taken for correlation with atmos- 
pheric exposures. 

A total of 145 impinger samples were analyzed 
for malathion and 115 impinger samples for chlor- 
thion. Atmospheric concentrations of insecticide, 
expressed as milligrams per cubic meter of air, were 
determined for each aerosol run. Estimates of the 
duration in minutes of each cloud passage were used 
to calculate the average concentration of each aero- 
sol cloud. 

All personnel who might possibly be exposed re- 
ceived preexposure physical examinations, includ- 
ing chest x-rays, and were questioned in detail con- 
cerning history of occupation, illness, diet, and 
medication. 


{A modification of the Averell and Norris 


method for parathion.? 


MALATHION 


AND CHLORTHION 


Clinical laboratory tests included plasma and red 
blood cell cholinesterase determinations, urinalysis, 
and complete blood count. A minimum of two and, 
in most cases, three or more preexposure cholin- 
esterase tests were run on each of the men. These 
were analyzed by the micro method § adapted from 
Michel’s electrometric technique of blood cholin- 
esterase activity determination and were done singly, 
in duplicate, or in triplicate, depending upon the 
amount of blood and time available for the analysis. 
A reagent blank was used with each series for 
plasma and red bleod cell determinations as a cor- 
rection factor. Resu!ts are reported in delta pH per 
hour. 

Physical examinations and blood sampling were 
done at approximately the same time each day, be- 
tween two and five o’clock in the afternoon on days 
when exposures occurred. 

Prior to the start of field tests, arrangements 
were made with a group of local physicians and a 
local hospital to care for emergencies in case acci- 
dental overexposure occurred. A physician was 
present during all field testing. 


RESULTS 


Atmospheric concentrations of malathion 
and chlorthion are shown in Tables 1 and 2, 
respectively. 

Figure 1 indicates that atmospheric con- 
centrations of and chlorthion 
decreased with distance from point of appli- 


malathion 


cation. Furthermore, average concentrations 
of chlorthion are slightly but consistently 
higher than those of malathion. This may 
be partially explained by the fact that during 
the first part of the study atmospheric sampl- 
ing started well in advance of the arrival 
of the cloud and continued for a short period 
after its passage. With practice during the 
latter part of the study, greater accuracy 
was possible in starting sampling closer to 
the moment of the cloud arrival and in stop- 
ping sampling immediately after its passage. 
Thus, average sampling times were less per 
cloud for the chlorthion portion of the study, 
since little sampling occurred when the 
atmospheric concentration was zero. 

Highest average atmospheric concentra- 
tions during both parts of the study, 3 to 
9 mg. per cubic meter, were encountered in 
the path of the spray at 10, 17, and 25 yd. 
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TaBLe 1.—Atmospheric Sampling of Malathion per Unit Run 
By Midget Impinger) Merced, 1954 


Time of Exposure to 


1 Cloud, Min. 


Atmospherie Concentration, 
g/M.3* 


Inspiratory Exposure,ty 


Location or Operation = = = = = = a = = a = a 

30 6.5 16 15 2.80 Not de- 0.60 0.32 255 Notde- 82.6 76 
tected tected 

Transferring to sprayer..............- 4 2.0 2.6 2.5 4.83 Notde- 256 2.36 150 Notde- 87.0 75 
tected tected 

a ER ey ees 95 2.25 59 50 55.7 Notde- 5.82 1.57 3,530 Not de- 483 93 
tected tected 

Walking behind jeep.................. 9.5 2.25 5.95 5.0 55.7 Notde- 5.34 154 38,510 Not de- 442 97 
teeted tected 

2.25 0.5 1.09 10 50.0 2.59 7.70 4.77 700 300 «(107 66 

45 1.20 10 10.50 Notde 4.27 3.85 139 Notde- 656 55 
teeted tected 

10.0 80.5 228 125 11.43 Notde- 3.83 2.77 123 Notde- 61.1 60 
tected tected 

10.75 6.0 8.44 8.5 0.36 Notde- 0.62 0.62 18 Notde- 708 75 
teeted tected 

10.0 8680 9.0 9.0 0.89 0.21 0.55 0.55 100 30 65 65 

25.0 5.0 12.0 12.0 1.08 Notde- 0.52 0.50 146 Notde- 78.4 76 
tected tected 


* Milligrams of malathion per cubic meter of air. 


+ Concentration X length of exposure in minutes x 14 liters 


Lowest average concentrations, 0.3 to 0.5 
mg. per cubic meter, were encountered dur- 
ing the post-treatment recounting operations 
in the field and in the formulating operations 
in the warehouse. Moderate average con- 
centrations, 2 to 3 mg. per cubic meter, were 
present immediately behind’ the jeep, in the 
jeep cab during the operation of the spraying 
rig, and at the breathing zone of the operator 
transferring solutions to the rig (Tables 1 
and 2). 

Although application amounts varied by a 
factor of four, the wide range of meteoro- 


per minute. 


logical conditions shown in Table 3 may 
have obscured any direct relationship be- 
tween cloud concentrations and amounts of 
insecticide applied to the test plots. 

The mean inspiratory exposure and skin 
exposure by distance from the aerosol gen- 
erators are plotted in Figures 2 and 3. The 
inspiratory exposures (Fig. 2) are repre- 
sented by two sets of curves. The upper set 
of malathion and chlorthion curves is for 
values calculated from impinger samples. 
The lower set is for values obtained from 
analysis of respirator pads. The difference 


TaBLe 2.—Atmospheric Sampling of Chlorthion per Unit Run 
(By Midget Impinger) Merced, 1954 


Time of Exposure to 


Atmospheric Concentration, 
Mg /M.3* 


1 Cloud, Min. Inspiratory Exposure,ty 

Location or Operation = = = = = = = = = = = 
Storage warehouse ................. 29 5.5 20.4 112 O15 O47 031 110 05.2 85 
Transferring to sprayer............ 5 1.3 2.45 2.42 4.40 1.19 2.48 2.34 100 50 75.5 80 
Driving in jeep cab................ 7.0 2.25 4.97 5.0 111 0.76 862.41 1.63 930 110 
Walking behind jeep............... 70 2.2% 4.97 5.0 2.65 062 4.64 2.12 1,680 52 285 128 
oo arene errr 1.8 0.33 0.70 0.5 27.9 2.86 10.15 9.40 136 30 85.0 77 
1.5 0.33 0.7 0.75 20.35 3.90 8.44 7.39 110 40 79.1 86 
2.5 0.50 1.04 1.00 13.5 268 6.18 5.69 135 30 70.2 72 
20 7.5 15.6 16.0 0.7 0.32 O49 0.45 160 «(10648 


* Milligrams of chlorthion per cubic meter of air. 
+ Micrograms of chlorthion. 
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AND CHLORTHION 


FIGURE 
ATMOSPHERIC 
CONCENTRATIONS 
(MEAN VALUES) 


BY DISTANCE 


FROM POINT OF 
APPLICATION 
MERCED 1954 


CHLORTHION 


MALATHION 


ATMOSPHERIC CONCENTRATION 


MILIGRAMS OF INSECTICIDE PER CUBIC METER OF AIR 


= 


17 


in magnitudes of these two sets of inspira- 
tory exposure curves, possibly due to the 
differences in center line velocities of the 
sampling orifices, requires that further in- 
vestigation be done to determine the relative 
value of these techniques. 

Most of the skin and inspiratory exposure 
curves show a drop between 10 and 17 yd. 
However, in all these curves there is only 
a slight drop between 17 and 25 yd. In addi- 
tion, the malathion curve based upon im- 
pinger sampling, the only one for which we 
have values out to 50 and 75 yd., does not 


DISTANCE FROM POINT OF APPLICATION— YARDS 


+ 


Tas_eE 3.—Meteorological and Sampling Conditions During Applications 
Merced, 1954 


show any tendency to drop off at greater 
distances. The trend shown by these curves 
is markedly different from the general 
downward trend of the curves for mean 
atmospheric concentration plotted by distance 
from the aerosol generators (Fig. 1). 

Thus, we are confronted with a situation 
where exposures of persons do not increase 
in the same way that atmospheric concentra- 
tions do. The explanation for this lies in 
the fact that the men in the field were station- 
ary while a wind-borne aerosol cloud from 
a moving source passed by them. 


Relative Wind 
Tempera- Humidity, Velocity, — 


ture,F PerCent F.P. M.* 
51 44 75 
67 68.5 283 


68 250 


10 Yd. 17 Yd. 25 Yd. 50 Yd. 75 Yd.t+ 
2.25 4.50 10.00 10.75 10.90 
0.33 0.33 0.50 6.00 8.00 
0.91 1.01 1.82 


Time Required to Take Air Sample, Min. 


* Feet per minute. 
+ Two samples taken at this distance. 


100 
mo 
0 
10 2s 50 75 
= 
67 0.83 0.70 1.00 8.50 9.00 


A. M. A. 


FIGURE 2 


INSPIRATORY EXPOSURES (MEAN 
BY DISTANCE FROM POINT OF APPL 
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FIGURE 3 
VALUES) SKIN EXPOSURES(meAN vaiues) 
ICATION BY DISTANCE FROM 


POINT OF APPLICATION 
MERCED 1954 
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Fig. 4 is a diagrammatic representation 
of a test plot as seen from above. The aero- 
sol cloud, which is the net result of the 
aerosol generated during the jeep’s entire 
traverse of the upwind end of the plot, is 
shown in the general position the cloud would 
occupy at the instant the jeep completes its 
run. As the cloud drifts downwind, diffusion 
decreases atmospheric concentration and the 
cloud widens out, being held close to the 
ground by temperature inversion. The di- 
agram shows strips of the cloud which will 
be intercepted by the men in the field. It is 
evident that the length of time of each man’s 
exposure to the cloud will be proportional 
to the extent to which the cloud spreads out. 
Since in our study fall-out occurred pre- 
dominantly within the first 17 yd., effects 
beyond 17 yd. of decreasing concentration 
were canceled out by the increasing lengths 
of exposure time. Thus, skin and inspiratory 


exposures remained relatively constant, 
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DISTANCE FROM POINT 
OF APPLICATION-YARDS 


while atmospheric concentration tended to 
decrease with distance from the source of 
the aerosol cloud. 

Total skin and inspiratory exposures in 
milligrams are listed in Table 4 for each 
man. Some of these exposures are presented 
as ranges rather than as a single total figure. 
These ranges result from not having a meas- 
ure for every single exposure. When un- 
measured exposures occurred, a mean value 
of the measurements for that type of expo- 
sure was calculated, and one standard devi- 
ation above and below the mean value was 
added to the measured exposures. 

When total skin or inspiratory exposures 
are considered, it must be remembered that 
these exposures occurred during short-time 
intervals, ranging from 20 seconds to 30 
minutes, and were rather evenly distributed 
over two weeks for malathion and one week 
for chlorthion. ‘Total exposure times for 
malathion, listed in Table 4, ranged from 
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FIGURE 4 


DIAGRAM OF 
FIELD APPLICATION 
OF AEROSOL 
MERCED 1954 


AEROSOL 
CLOUD 


DIRECTION OF WIND——> 


AEROSOL 
TEST PLOT (7 GENERATOR 
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TasLe 4.—Measurements of Operators’ and Observers’ Skin and Inspiratory Exposures to 
Malathion and Chlorthion 
Merced, 1°54 


Malathion 

Sum of 
Exposure 

Total Total Inspiratory Exposure Periods 

Skin During 
Exposure, Impinger,* Resp. 23 Aerosol 
Me. Mg. Pads, Mg. Runs, Hr. 

Operators 


Field Observers 


0.2-0.4¢ 
0.2-0.4¢ 


Chlorthion 


Sum of 
Exposure 

Total Total Inspiratory Exposure Periods 

Skin co During 
Exposure, Impinger,* Resp. 14 Aerosol 
, Mg. Pads, Mg. Runs, Hr. 


Operators 


0.2-1.3 2.58 


0.3-0.8t 2.12 
Field Observers 


FO) 
EB. M. (25 yd.) 


0.2-0.4¢ 4.31 
0.2-0.3t 4.08 
0.2-0.3¢ 3.98 


* Inspiratory exposures, 


+ Respirator pads not used during 


recounting operations; thus, these values are incomplete measures of total in- 
spiratory exposures by this method. 
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MAN AT : 
50 YDS 
MAN AT 
H 10 YOS 
Av. Air Highest 
Cone., Air Cone., 
Mg/M.3 Mg/M.3 
oun 6-14 9-12 0.5-1.2t 5.07 2-3 56 
7-13 2-5 4.23 0.5-1 51 afi 
7-4 1-2 3.91 0.5 8 Be 
7-10 2 4.87 0.5 11 ts 
Av. Air Highest 3 
Cone., Air Cone., 
Mg/M*  Mg/M.* 
4 
2 2-3 0.6-0.7 12 
1 2-3 0.6-0.8 20 1 
1 2-4 0.8-1.3 14 
4 
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5.23 hours for the jeep driver down to 3.91 
hours for one of the field observers. For 
chlorthion the range of time was from 4.31 
hours for one of the field observers down to 
2.12 hours for the man who regulated the 
speed of the jeep. 

J. K., the jeep driver, received the highest 
skin exposure. This man helped with formu- 
lating from the technical grades of malathion 
and chlorthion. In addition, he did almost 
all of the transferring of formulated material 


with chlorthion, 93% to 100% of his total 
skin exposure was that of the hands. It is 
probable that the technique used in putting 
on and taking off the rubber gauntlets was 
inadequate to avoid gross skin contamination. 

Table 4 shows that total skin exposures 
for the man working behind the jeep, regu- 
lating its speed, and for the men stationed 
in the test plot all fell in the range of 6 to 
14 mg. of malathion and 1 to 5 mg. of 
chlorthion. 


TABLE 5.—Measurement of Operators’ and Observers’ Skin Exposure per Surface Area for 
Malathion and Chlorthion 
Merced, 1954 


Malathion—Amounts in Milligrams 


Insecticide Deposited on Skin Surfaces 


Insecticide Potentially Deposited 
on Areas Covered in This Study But 
Not Covered Under Usual Working Conditions 


Exposed in This Study 
A— Total 
Total Back Front on All 
Skin of of Measured 
Hand Legs Face Exposure Forearms Neck Neck Handt Surface 
Operators 
28-80 46 32-86 108-242 1-2 1 28-56 170-387 
3-10 2-3 6-14 2-4 1 3-7 12-26 
Field Observers 
2-6 1-3 4 7-18 3-8 2-6 12-27 
2-5 1-2 5-7 7-14 4-7 1 2-5 14-27 
2-3 2-3 3-4 7-10 2 2-3 11-15 
Chlorthion—Amounts in Milligrams 
Insecticide Potentially Deposited 
on Areas Covered in This Study But 
Insecticide Deposited on Skin Surfaces Not Covered Under Usual Working Conditions 
Exposed in This Study — 
die Total 
Total Back Front on All 
Skin Measured 
Hand Legs Face Exposure Forearms Neck Neck Handt Surface 
Operators 
9-14 1 9-15 3- 511 17-31 
Field Observers 
1 1 2 3-4 1 6-7 
Ge & 1 1 2 - 1 4 


* Indicates amounts below 0.5 mg 


t+ One hand was protected ating “the study by a single cotton glove worn to 


from 5 gal. cans to the tanks of the aerosol 
rigs. During the entire time he was handling 
these materials, he wore long heavy rubber 
gauntlets. The cotton knit gloves used to 
measure hand exposure were worn under 
these gauntlets. His total skin exposure to 
malathion (Table 5) was in the range of 
32 to 86 mg. His hand exposure (Table 5) 
was in the range of 27 to 80 mg. Thus, 
84% to 93% of his total skin exposure to 
malathion was that of his supposedly pro- 
tected hands. Similarily, when he worked 
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measure exposure. 


In addition to giving values for actual 
skin exposures and breaking them down to 
show amounts found on various exposed 
areas, Table 5 presents values for amounts 
of insecticide which would have added to 
each person’s skin exposure had he worn a 
short-sleeved shirt with an unbuttoned sport 
collar, thus exposing the throat and back of 
the neck, and had he not worn a cotton 
glove. The total exposure figures in Table 
5 indicate that such a change in manner of 
dress would have increased roughly, by a 
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factor of two, the total skin exposures of all 
the men except J. K., the jeep driver, during 
their work with malathion. In J. K.’s case 
forearm exposure to malathion would have ( 


been about two-thirds of his total skin ex- » |° Se ee 
posure. Thus for J. K., because of his high 52 | 
forearm exposure to malathion, change to 
the less protective shirt would have increased | | | 
his exposure roughly by a factor of four or = 


five. It is interesting to note that later in 
the study when J. K. worked with chlor- 
thion, although we noticed no change in his 
technique of handling materials while filling 
tanks, formulating, or driving the jeep, he 

{ acquired a far smaller proportion of his total 
exposure upon his forearms. 


Total inspiratory exposures to malathion 
as calculated from the impinger samples 
were highest for the jeep driver and C. G., 
the man regulating the jeep speed. They 


were 11 to 21 mg. and 9 to 12 mg., respec- es 
tively. For the men in the field the total 8s 
inspiratory exposures fell in the range of a3 
1 to 5 mg. by impinger sample calculations, a | 


or in the range of 0.2 to 0.4 mg.* by respira- 
tor pad calculations. 


Merced, 1954 


Total inspiratory exposures to chlorthion 
calculated from impinger samples all fell in 
the range of 2 to 5 mg., while results of 
respirator pads were in the range of 0.2 
to 1.3 mg.* 


During Malathion and Chlorthion Study 


’ and Observers’ Pre and Post Exposure, Plasma and Red Blood Cell Cholinesterase Activity * 


Medical Results—Throughout the period a. 
of malathion and chlorthion field applications, ze 
no significant changes ascribable to para- ¢¢¢44é¢: 32 
sympathetic overstimulation were found in snenenenemenss | 32. 
3s = s = a 
the physical condition of the field personnel. $ Sa 
2 220 
Urinalysis and complete blood counts re- gg 
mained within normal limits throughout the 
2 a2 « 
Results in cholinesterase testing are given = 3 = 
in Table 6. Values given before the vertical 35 2 
| 
double bar were obtained prior to the field 
exposure. The second man in the table, C. | 
G., had an unknown amount of exposure won daom | = 
oR | 


* These figures are probably low, because respi- 
rator pads were not used during the recounting 
operation. 
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in the laboratory to organic phosphate ma- 
terials. Close questioning failed to elicit 
histories of organic phosphate exposure from 
the other men. 

By averaging each man’s preexposure 
cholinesterase values and using these figures 
as 100% of the person’s normal cholinester- 
ase level, percentage decreases of cholinester- 
ase activity for each man can be calculated. 
The greatest percentage decrease of plasma 
activity, 27%, occurred in the jeep driver. 
He also had the greatest decrease, 19%, of 
red cell cholinesterase for a person exposed 
to malathion. 

G. C., who was stationed at 17 yd. from 
the point of application only during the work 
with chlorthion, had the largest percentage 


bottom of this graph represent his inspiratory 
and dermal exposures for mornings and 
afternoons of each day worked. Since blood 
samples were obtained prior to evening field 
work, cholinesterase values are plotted on 
the graph between periods of daily exposures. 
His total inspiratory exposure calculated 
from impinger samples was in the range of 
11 to 21 mg. of malathion and 3 mg. of 
chlorthion. His skin exposure to malathion 
was in the range of 32 to 86 mg. and to 
chlorthion of 9 to 15 mg. 

Figure 6 presents a similar graph for J. L., 
the field observer who had an exposure to 
both malathion and chlorthion. It can be 
seen that there is no relationship between 
the amount of exposure and changes in 


TasLe 7.—Comparative Exposure Data in Milligrams of Insecticide per Kilogram of Body Weight 
Merced, 1954 


Single Exposure Guinea 


Exposures 
in One Month 
at 40 Hr. per Week 


Highest Total 
Exposures in Study 


Inspira- 


Inspira- 
Skin tory Skin tory Skin 
Malathion 
0.50-1,33 0.16-0.82 17-45 5-11 0.09 
Chiorthion 
0.14-0.23 0.06 10-16 4 0.02 


of Casual Bystander 


10 Yd. from Acute Acute 
Aerosal Generator 


Rabbits, Pigs, 


Rats, Acute L.D.so Minimum Exposure, 


—, Lethal No 
Inspira- Intra- Dose, Deaths, 
tory Oral peritoneal Dermal Dermal 
0.01 1,400* 6,150} 12,3003 
1,845t 
0.002 1,500* 750* 


* DuBois and others. 
+ Hazleton and Holland.* 
tHazleton Laboratories: Unpublished data. 


decrease of red cell cholinesterase activity, 
22%. Changes of these magnitudes can be 
caused by variables in the technique of the 
test superimposed upon variations in diet, 
certain medications, and fatigue due to exer- 
tion. Thus, we feel that the decreases in 
cholinesterase activity reported here are too 
small to be significant. 

It should be pointed out that the working 
day for these men usually began about 4 a.m. 
and ended about 9 p.m. They had about 
three hours off during the middle of the day. 
By the end of the three weeks’ period of field 
work, all the men showed some signs of 
generalized fatigue. 

Figure 5 is a graph plotting the red cell 
and plasma cholinesterase levels of J. K., 
jeep driver, the person with the highest 
estimated total exposures. The bars at the 
48 


cholinesterase levels in these men, and no 
relationship could be found for the other 
men exposed. 

COMMENT 


Although total exposures for each man 
cannot be considered acute, since they are 
the sum of small exposures acquired during 
the two weeks that malathion was used and 
the one week that chlorthion was used, com- 
paring these with acute exposure data ob- 
tained from animal experimentation (Table 
7) may help us to understand their magni- 
tude better. Comparison is best made on the 
basis of milligrams of insecticide per kilo- 
gram of body weight. The highest total skin 
exposure to malathion was in the range of 
0.50 to 1.33 mg. per kilogram. For rabbits 
the minimum fatal dose of malathion by the 
dermal route has been reported as 6150 mg. 
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per kilogram.t Twelve thousand three hun- 
dred milligrams of malathion per kilogram 
have been held in contact with the skin of 
guinea pigs for 24 hours without causing 
death.t The highest inspiratory exposure 
to malathion was in the range of 0.16 to 0.32 
mg. per kilogram calculated from impinger 
samples. Of this amount calculated as in- 
spiratory exposure, probably a_ significant 
amount collected by the upper respiratory 
passages was swallowed. For this reason it 
would probably be best to compare the in- 
spiratory exposure of 0.16 to 0.32 mg. per 
kilogram with both oral and intraperitoneal 
L. D. 50's of animals. For female rats DuBois 
and associates * give an approximate L. D. 50 
(oral) of 1400 mg. per kilogram and an 
L.D. 59 (intraperitoneal) of 750 mg. per 
kilogram. 

For chlorthion the highest total skin expo- 
sure was 0.14 to 0.23 mg. per kilogram, 
while the highest inspiratory exposure was 
0.06 mg. per kilogram. The L. D. 50's for 
animals exposed to chlorthion are (oral) 
1500 mg. per kilogram? and (intraperito- 
neal) 750 mg. per kilogram.” 

By taking the total exposure figures for 
the man with the greatest exposure to mala- 
thion and knowing the total time during 
which the exposure occurred, we can esti- 
mate what this man’s exposure might have 
been had he been doing this type of aerosol- 
ing work on a more routine basis. In a 
month, working on a 40-hours-per-week 
basis, dressed as the men were in this study, 
he might have received a skin exposure of 
approximately 17 to 45 mg. per kilogram 
and aii inspiratory exposure of approximate- 
ly 5 to 11 mg. per kilogram. These expo- 
sures are roughly 100 to 200 times less than 
the acute L. D.59’s reported for animals. 
Calculations for chlorthion are in the same 
order of magnitude. 

The last point to consider is the use of 
aerosols in towns. We can make some esti- 
mate of the amounts a person might be 
exposed to while standing downwind from a 


t Hazleton Laboratories: Unpublished data. 


MALATHION 


AND CHLORTHION 


moving aerosol generator that passed one 
time. If such a generator were putting out 
material at the rates used during this study 
(12 to 24 gal. per linear mile of 2.5% to 5% 
concentrations), a 70 kg. man standing 10 
yd. downwind from the generator and 
dressed casually in slacks and a short-sleeve 
sport shirt, open at the neck, would probably 
receive less than 0.09 mg. per kilogram on 
his skin and inspire less than 0.01 mg. per 
kilogram of insecticide. The figure for der- 
mal exposure is based on a combination of 
the highest figures for each of the exposed 
and the measured but unexposed skin areas 
obtained at 10 yd. during single runs. The 
inspiratory figure is based on the highest 
inspiratory exposure measured by impinger 
at 10 yd. during a single run. 

The results of this study indicate that 
malathion and chlorthion can be used safely 
in aerosol form against adult mosquitoes 
in populated areas. 


SUM MARY 

This is a study of a group of seven ento- 
mologists who in the course of their work 
were exposed to aerosols containing first 
malathion and subsequently chlorthion. These 
wind-borne aerosols drifted downwind from 
the generators as they moved along the edges 
of pasture lands. The industrial hygiene 
engineers obtained measures of exposure by 
using midget impingers at the breathing zones 
of the entomologists and by wearing ab- 
sorbent filter in cartridge-type respirators. 
The entomologists wore cotton gloves and 
absorbent cellulose surface patches placed in 
various locations to obtain measures of ex- 
posure. Atmospheric concentrations of in- 
secticide in the aerosol clouds decreased 
with increased distance from source, but 
levels of exposure beyond 17 yd. from the 
source were relatively constant. The physi- 
cians kept the men under constant medical 
surveillance, which included daily blood 
cholinesterase determinations during periods 
of exposure. None of the men exposed during 
this study exhibited changes ascribable to 
cholinesterase inhibition or parasympathetic 
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overstimulation. The man who received the 
highest exposure during the malathion opera- 
tion was estimated to have inspired 11 to 
21 mg. of malathion and to have had de- 
posited upon his skin 32 to 86 mg. during 
the two weeks of malathion work. Ninety 
per cent of the skin exposure of this man 
who handled most of the loading equipment 
was found upon the hands, despite the fact 
that at all times while working he wore long 
rubber gloves. He was working in an atmos- 
phere with an average air concentration of 
about 3.3 mg. per cubic meter. By taking 
the measurements relating to the man with 
the highest exposure and projecting them to 
a 40-hour-per-week basis, we estimate that 
this man would have acquired gradually 
during a period of one month less than 45 mg. 
per kilogram deposited upon his skin and 
less than 11 mg. per kilogram inspired 
through his nostrils. These are 100 to 200 
times less than acute L. D.59’s for animals. 
We estimate that an average man standing 
10 yd. downwind from an aerosol generator 
operating at rates used in this study would 
receive less than 0.09 mg. per kilogram of 
insecticide on his skin and inspire less than 
0.01 mg. per kilogram. 

The results of this study indicate that 
malathion and chlorthion can be used safely 


in aerosol form against adult mosquitoes in 
populated areas. 
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There has been a recent interest in labeling 
regulations for solvents and chemicals. Sev- 
eral states have passed or are considering 
all-inclusive laws. The Manufacturing Chem- 
ists Association has advocated warning labels 
on all chemicals which can be considerea 
fire, health, or accident hazards. 

In Massachusetts we have had a law for 
approximately 20 years requiring the labeling 
of products containing benzene. This law 
was extended within the last 10 years to 
include carbon tetrachloride. In spite of the 
limited coverage of this law, its enforcement 
is not complete, and, in fact, as we shall 
show, some of the problems of interpreting 
even this simple law are extremely difficult. 

In the past we have from time to time 
analyzed solvents for their benzene content. 
Frequently solvents which were obviously 
primarily petroleum naphtha have turned 
out on careful examination to contain 1% 
or 2% of benzene. Our analyses of these 
samples have upon occasion been questioned. 
In one instance we went so far as to recover 
dinitrobenzene from the solvent after nitra- 
tion, recrystallize it, and carry out a mixed 
melting point determination with a known 
sample of dinitrobenzene. 

In general, our department has not made 
a point of enforcing the labeling of products 
in which benzene was presumably present 
as an impurity in such a concentration that 
the degree of hazard produced was problemat- 
ical. 

During recent years, however, there have 
been several downward revisions in standards 
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of permissible concentrations of benzene 
vapor. The value used in the Commonwealth 
at present is 35 parts per million (ppm) 
parts of air compared with 100 ppm when 
our Division was first founded. The value 
which we use for naphtha vapors is 1000 ppm. 

If we tolerate a concentration of 1000 ppm 
of naphtha, a benzene content of below 3.5% 
will be necessary (since the molecular vol+ 
umes of benzene and hexane, etc., are simi- 
lar); otherwise our permissible level for 
benzene vapor will be exceeded. There is 
some question as to the soundness of this 
procedure, but none the less it is the one 
that we will have to follow until evidence is 
available indicating a truer method of evaluat- 
ing the vapor hazard in such a case. 

The problem of the benzene content of 
petroleum solvents, particulariy with regard 
to the labeling requirements, was recently 
brought to our attention by one of the petro- 
leum companies. We decided to reevaluate 
this situation, and for this purpose a total 
of eight samples of low-boiling petroleum 
naphthas were obtained. These were subjected 
to analysis by physical and chemical methods, 
with special emphasis on the benzene content. 

Physical methods available included deter- 
mination of boiling point, specific gravity, 
and refractive index. The boiling point itself 
tells us very little about the composition 
of a solvent mixture, because there are many 
hydrocarbons with boiling ranges between 
50 C and 100 C and in the vicinity of the 
boiling point of benzene, approximately 80 C. 

Specific gravity in conjunction with the 
boiling point tells us considerably more. 
However, the refractive index, which, in 
general, parallels the specific gravity, is more 
conveniently determined, particularly when 
small quantities of liquid are available. 

As is well known, the lighter fractions of 
petroleum consist of a wide variety of hydro- 
carbons. Those present in the highest pro- 
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Fig. 1.—Refractive index and boiling point of individual hydrocarbons. 


portion are in the paraffin group, so-called, 
having the formula C,Hon,s. 


The naphthenes, or saturated cyclic hydro- 
carbons, are also present in petroleum in 
varying degrees. These include cyclopentane, 
cyclohexane, and several derivatives of cyclo- 
pentane which have boiling points below 
100 C, 


Finally, we have aromatics, of which 
benzene, boiling point 80 C, is the only one 
likely to be present in significant amounts 
in the highly volatile solvents. 

In Figure 1 the refractive indices (R. I.) 
of several compounds in the paraffin series 
as well as naphthenes and aromatics are 
plotted against their corresponding boiling 


1.43 © SOLVENT 1802 
42 @ SOLVENT 1803 
REFRACTIVE 
1.41 
INDEX 
L140 
30 40 50 60 70 80 90 100 110 


BOILING POINT °C 


Fig. 2—Refractive index-boiling point curve of petroleum naphtha solvents. 
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BENZENE CONTENT OF 
points. It will be seen that the paraffins have 
the lowest R. I.’s, all below 1.395, and that 
the refractive index tends to increase with 
the increased boiling point. 

With the naphthenes, refractive indices 
are considerably higher, being in excess of 
1.4, and the increase in R. I. with increased 
boiling point is less pronounced than with 
the paraffins. 

The aromatic benzene has a much higher 
refractive index than any of the other com- 
pounds listed, and it is slightly higher than 
that of toluene. 

Our procedure in analyzing these solvents 
was to fractionate 200 ml. samples using a 
30 in. fractionating column, determine the 
refractive index of each fraction, and plot 
the results against the boiling points. A 
solvent consisting purely of paraffinic hydro- 
carbons will be expected to show a steady rise 
in R. I. as the boiling point is increased. 
Any deviation would indicate the presence 
of naphthenes or aromatics, benzene in the 
case of solvents boiling below 100 C. 

The naphtha samples we analyzed can 
be divided into three types, depending on 
their behavior on fractionation. The first 
has a rather wide boiling range, starting 
below 40 C and with the end-point around 
110 C. The next group has a much narrower 
boiling range, the first fraction coming over 
around 60 C and with 90% distilled between 
85 C and 90 C. Finally, there are the solvents 
designated as hexane, which are distilled 
for the most part between 60 C and 70 C. 

When the refractive indices of the fractions 
were plotted against the mean boiling point, 
curves were obtained well above the area 
in which paraffinic hydrocarbons would lie. 
In all cases in which the boiling point ex- 
ceeded 85 C, a maximum refractive index 
was found, in most cases in the vicinity of 
80 C. This corresponds, of course, to the 
boiling point of benzene, also, unfortunately, 
to the boiling point of cyclohexane. Figure 
2 shows R. I.-boiling-point curves for two 
solvents in Group 2. 

We calculated the benzene content of the 
various solvents, assuming that the bulk of 
the naphtha consisted of paraffins of the 
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higher refractive indices and that the content 
of naphthenes was negligible. From these 
calculations benzene contents of from 1% 
to 10% were found for the different solvents.* 

In addition, the solvents were tested by 
the chemical test used for determining ben- 
zene in air in which the hydrocarbon is 
nitrated and extracted with methylethyl- 
ketone and color is developed by the addition 
of alkali.t In most cases several fractions 
were combined for these analyses. 

Usually the results obtained by the chemi- 
cal tests were lower than those obtained 
by refractive index calculations. We inter- 
preted this to mean that the naphthenic 
content of the solvents was considerable and 
thus threw off our assumptions as to the 
basic composition of the solvents. However, 
the chemical test did indicate concentrations 
ranging from 0.5% to 8% benzene in these 
same solvents, as shown in the Table. 

As with the refractive index measurements, 
the benzene content determined chemically 
fell off sharply in the fractions with boiling 
ranges above 80 C. While toluene does inter- 
fere with the chemical test for benzene, 
inspection of the data of the Table shows 
that the aromatic contents of the highest 
boiling fractions tested, which would be ex- 
pected to contain the most toluene, were as 
a rule insufficient to affect the final result 
materially, 

We were fortunate in getting a check on 
two of these solvents in that the manufac- 

* Sample calculation for fraction boiling at 81 C 
in Solvent 1803 (Fig. 2): R. I.’s benzene=1.500 
fraction — 1.406 —corresponding paraffin 1.390. 
Benzene content of fraction= 
100= 

This calculation assumes the absence of paraffins 
of low R. I.’s and of naphthenes, as indicated above. 
Since this condition seldom exists, the results are 
not precise, but they usually give some indication of 
the approximate benzene content of the mixture. 
Other assumptions are that the various ingredients 
of the solvent form perfect mixtures (i. e., no volume 
changes occur) and that azeotropic mixtures are 
not produced. The first assumption is believed 
essentially correct; the second is probably incorrect 
and undoubtedly adds to the error of the deter- 
mination. 


<100=14.5% by volume. 
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Benzene Content of Naphtha Samples 


Sample 
Ne. 


1801 


1806 


1798 


1799 


1803 


1800 


1807 


Fraction 


Boiling 
Range, 


36-112 
36- 68 
73- 81 
88- 
96-111 


36-114 
38- 65 
66- 69 
74 
97 


100-111 


61- 85 
61- 67 
67- 71 
72- 79 


85 + Residue 


61- 91 
61- 70 
71- 86 
88- 91 


68- 69 
Residue 


63- 70 
63- 68 
68- 69 
69- 70 


Volume 
Benzene Per Cent 
Content of 
of Entire 
Fraction Sample 
Not done wae 
2.1 0.8 
3.8 0.4 
15 0.2 
Not done 
2.5 
16 0.5 
4.2 1.0 
4.7 0.3 
1.0 01 
Not done des 


Mass spectrogram * 


Not done 


2 


0.6 


1.2 


Not done 
1.7 
14 
0.1 
Not done 


18 
19 
2.0 
2.6 


45 


7.9 
4.0 
7.3 
10.9 
6.6 


Mass spectrogram * 


2.0 
1.8 
1.65 
0.35 


Total 


3.2 


0.6 


5.8 
6.8 


A, 


* Value supplied by manufacturer. 
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turer had made determinations with the mass 
spectrograph for the benzene content. The 
results were in good agreement with our 
chemical analyses. 

In general, the benzene content of these 
solvents ranges from 1% to 4% in volume. 
It is not believed that the ordinary use of 
such solvents would produce benzene vapor 
hazards. Where the benzene content does 
exceed 1%, the supplier is in violation of 
the Massachusetts law if he fails to provide 
a warning label, however. 

On the other hand, with solvents contain- 
ing around 5% benzene, the possibility of 
substantial exposure to benzene vapors re- 
sulting in the free use of the solvent in ques- 
tion must be considered. Unless the other 
components of the solvent act to modify the 
effect of the benzene, use of such a solvent 
in processes such as fabric spreading, etc., 
might lead to excessive exposure to benzene. 

In the air of one plant where hexane with 
a relatively low benzene content (1.5%) 
was used as a solvent in a fabric-spreading 
operation, a benzene vapor concentration of 
1 ppm was found, compared with an average 
concentration of naphtha vapor, as deter- 
mined by the combustible gas indicator, of 
200 ppm. 

SUMMARY 

Methods of analysis of petroleum fractions 
for benzene are discussed. The results of 
such analyses of eight samples of naphtha 
solvents are given. Benzene concentrations 
range from 0.6% to nearly 7%. The hygienic 
significance of the benzene impurity in petro- 
leum naphtha solvents is considered. 
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A SYLLABUS ON WORK ABSENCE 


MARK S. BLUMBERG, M.D. 
AND 


JAMES C. COFFIN, A.B. 
Washington, D. C. 


INTRODUCTION 


WORKER on the job must be both willing and able to be there; if one of 

these conditions is not satisfied, he will be absent. 

The syllabus is an outline of the extensive interrelationship of both manage- 
ment and medical aspects of employee absence. It is hoped that readers will be 
given a more comprehensive insight into the nature of absence which will help 
them to deal with the subject in a logical and effective way. 


This syllabus was prepared for two reasons. The first was to provide both the 
professional and the lay person with some basic background information required 
in evaluating tnuch of the material and data which are published in connection with 
job absence. The second was to provide a framework of reference for the partici- 
pants of the 16th Annual Congress on Industrial Health, to be held in Detroit on 
Jan. 23-24, 1956. Although part of the program is to be specifically directed to 
the problem of absence from work because of nonoccupational illness and injury, 
it was felt that this syllabus would fill a need by bringing together in its present 
form useful information on all types of work absence. 

The Committee on Medical Care for Industrial Workers gratefully acknowl- 
edges the cooperation of Seward E. Miller, M.D., Chief of the Division of Special 
Health Services, and Henry N. Doyle, Chief of the Occupational Health Program, 
of the Public Health Service, in having this syllabus prepared. 


I. DEFINING ABSENCE 


Absence from work is not an entity; it is, rather, an ill-defined term which 
means many different things to different persons. The term “absenteeism” is 
reserved by many for those who have frequent and intentional absences; conse- 
quently, the term “absentism” has been offered as a substitute.’ 


Absence does not generally refer to all workers absent from their jobs; excep- 
tions based on the length or the reason of absence are invariably made. A complete 
definition of absence must include stipulations on the following : 


1. The time after which an employee is considered as absent rather than tardy. Commonly 
this is either one hour, four hours, or one workday.” 


2. The time after which an employee is considered as discharged rather than absent. This is 
variable, but unexplained absences of three days, five days, or one week commonly result 
in discharge of the employee.® 


Recorded for publication Dec. 2, 1955. 

Occupational Health Program, Public Health Service. 

Prepared at the request of the Committee on Medical Care for Industrial Workers, Council 
on Industrial Health and Council on Medical Service, American Medical Association. 
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3. The causes which serve to distinguish an employee not at work from one considered as 
specifically “absent” most frequently include: 
(a) Legal holidays 
(b) Week ends 
(c) Vacations 
(d) Shutdowns 


There appears to be no single definition which has general acceptance. Since 
absence records are maintained for various purposes, each organization collecting 
the data presumably selects the definition that best fits its needs. However, in 
every case organizations should define their particular use of the term “absent” 
for the benefit of those who wish to use their data. 


A comprehensive set of standards for defining absence has recently been 
formulated by the Bureau of National A ffairs.* 


II. CLASSIFYING ABSENCE 


Absences are generally divided into two classes, each of these classes into two 
further classes, and so forth. These dichotomies reflect special interests of various 
groups. There is little uniformity concerning whether a class is used as an initial 
or as a subsequent category. Most of the classes given below have been used at 
some time in both ways. 

Although many of the classes may appear to be synonymous, they each have 
different connotations. Since the same term may have various interpretations, a 
check on definitions should always be made before data from different sources 
are compared. 


1. Sickness vs. nonsickness 13. Justifiable vs. unjustifiable 

2. Disability vs. nondisability 14. Authorized vs. unauthorized 

3. Medical vs. personal 15. Avoidable vs. unavoidable 

4. Medical vs. surgical 16. Explained vs. unexplained 

5. Injury vs. sickness 17. Excused vs. nonexcused 

6. Accident vs. nonaccident 18. Official vs. nonofficial 

7. Chronic illness vs. acute illness 19. Compensable vs. noncompensable 
8. Long term vs. short term 20. Insured vs. noninsured 

9. Repeater vs. nonrepeater 21. Legal conduct vs. illegal (bad) conduct 
10. Scheduled vs. nonscheduled 22. Occupational vs. nonoccupational 
11. Voluntary vs. involuntary 23. Industrial vs. nonindustrial 

12. Intenticnal vs. unintentional 24. On duty vs. off duty 


III. MEASURING ABSENCE 


There are four basic measures of absence in common use. 


1. Basic Absence Measures 


(a) Severity rate=Time lost per absence 
(b) Frequency rate=Number of absences per employee per unit of time 
(c) Absence or disability rate=Time lost per employee per unit of time 
(d) Proportion of absence=Unit of time lost per unit of time scheduled 

(often called “ineffective rate”) 


2. Relationships Between Basic Absence Measures * 


(a) Disability rate—Frequency rate Severity rate 


(b) Proportion of absence= 


Disability rate 


Time worked per employee per unit of time 
(c) Per cent of absence=Proportion of absence x 100. 


* These relationships are valid only when the same units are used in each of the terms of 
the equation. 
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3. Calculation of Basic Measures of Absence 


In the formulas given below, one term in each set of braces [{ }] must be selected 
to calculate the given rate. When the same group of terms occurs in braces in both the 
numerator and the denominator, the same term from each is generally, but not always, 
used in calculating the rate. Exceptionally, terms other than those given in the braces 
are used. Term in parentheses [()] are constants, and for convenience one of them may 
or may not be used in the calculation of a rate. 


(a) Severity rates 


shite | all reasons 
shifts { ll reas ) 
Number of ) workdays of absence due to} disability 
\ calendar days _ work injury 


fall reasons ) 
Number of absences due to; disability =} 
work injury 


(b) Frequency rates 


all reasons 


Number of absences due to} disability 1 x oleae! h 
work injury 1,000,000 our ] 
per day 
at work ) month f 
Number of employees + on pay roll } year 
absent J 
(c) Absence or disability rate 
all reasons 100 
Number of days of absence due to} disability x | 
calendar \ work injury 1,000,000 day | 
mon 
Number of employees } = ae roll | year 
(d) Proportion of absence (per cent of absence) 
hours 
shifts all reasons ' 
Number of{ man-days of absence due to{ disability x (100) 
workdays work injury 


calendar days 


hours } 

shifts scheduled or potential 
Number of} man-days { worked 

workdays . worked plus not worked J 


calendar days 


4. Use of Basic Measures of Absence 


Disability and proportion of absence rates have certain advantages in that they give 
a good approximation tu management of some cost areas of absences. For this reason they 
have been used in the graphic examples given in this syllabus. 


In some circumstances frequency rates may be more meaningful from a management viewpoint. 
This is particularly so when disruptions in schedule occasioned by unplanned absences cause a 
serious impact on production. 


Since the specific units used in the calculation of any one of these measures vary considerably, 
one must always be cautious when attempting to compare data from different sources. 


A set of methods for computing absence rates has been included in the recent study by the 
Bureau of National A ffairs.* 


j Other terms, such as those listed in Section II, may be used. 


* 
(Mf) 
“3 
J 
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Known reasons for absence may be 

inaccurately reported by workers because : 

(a) Workers fear management penalties. 

(b) They may obtain greater benefits for 
certain absence causes. 

(c) Certain conditions have social stigma. 

(d) They know or fear that medical 
records are not confidential. 


. A worker may not know what to report 


as the cause of absence because: 

(a) A worker with some types of dis- 
ability might have worked if his moti- 
vation had been adequate. 

(b) Critical events at work resulting in 

reduced motivation to work may 

simultaneously result in true disability 
from psychosomatic illness. 


The data in Table 1 show the reported causes found in one study. 
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IV. REPORTING AND RECORDING CAUSES OF ABSENCE 


Accurate reports on the causes of absence are difficult to obtain. At best, only 
the immediate cause of absence is likely to be reported, while underlying basic 
or contributory causes may be overlooked. Some of the many reasons for lack of 
reliable data are given below. 


1. 


. Signed medical reports 


. Absence records may be 


TABLE 1.—Reported Causes of Absence * 
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(c) He may not know the true cause of 
his condition. 

sometimes re- 

quired from workers returning from sick 

leave may not reflect complete medical 

diagnoses. 


. Examinations done on workers by in-plant 


physicians following return from sickness 
may not give a true picture of the 
employees’ recent disability. 


5. Medical information may be inaccurately 


or incompletely recorded. 


. Some workers within a firm may not be 


required to report the reason for their 
absence. 

incompletely 
recorded or altered by management. 


Reported Cause 


Industrial injury 
Personal reasons 


Annual Number of Days 
Lost per Employee 


Male Female 
0.49 0.20 
1.97 2.80 
2.35 2.98 


tice wn kane 9.0 12.7 


Adapted from McElroy, F. §S., 
Month. Labor Rev. 67: 235 (Sept.) 198 

* These data were collected from 26 firms employing an average of 149,000 workers during the year 
1947. The firms produce a wide variety of manufactured products. Absence was defined as a failure to 
report for work at any time when the employee was scheduled to work. 


TABLE 2.—Reported Causes of Disability Absence * 


and Moros, A.: Illness Absenteeism in Manufacturing Plants, 1947, 


Detailed information on the causes of disability absence are given in Table 2. 


Nonindustrial injuries ..... 
Other respiratory diseases 
Diseases of the stomach, except cancer 
Other digestive diseases 


Diseases of circulatory system 
Dysmenorrhea 
Other diseases of genitourinary system 
All other diseases 


All disabilities 


Causes of Disability Resulting in Absence 


Annual Number of Days 
of Disability per Person 


1.769 0.293 
0.489 0.808 
1.472 2.251 
1.771 2.879 
0.731 0.947 


0.300 0.341 


12.976 
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Adapted from Klem, M. 
cation 215, U. 8. Public Health Service, 1952, p. 14 
These data were collected from 1946 to 1950, inclusive, in an eastern public utility employing approxi- 


mately 2,600 men and 500 women. Only absences reported as due to disability and lasting one calendar day 
or longer, but not exceeding 372 calendar days, are included. 


C., and McKiever, M. F.: Small Plant Health and Medical Programs, Publi- 
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Male Female 

Dis 0.90 0.149 

0.355 0.391 
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V. MAJOR FACTORS RELATED TO ABSENCE EXPERIENCE 


The selection of the major factors described in this section has necessarily been 
somewhat arbitrary. The importance of a factor and the availability of appropriate 
examples each played a part in the selection. Generally postwar data from the 
United States were preferred. For purposes of uniformity we had hoped to select 
only examples where all absences except holidays and vacations were included, but 
this did not prove possible. Specific definitions of absence, as stated in the refer- 
ences, have been given when available. In all instances absence has been measured 
either as a disability rate or as a percent of absence. 

The chosen examples must not be considered as typical, since they were care- 
fully selected to illustrate a point. In fact, because of variations by time and place 
there is probably no such thing as a “typical” absence experience, even if national 
averages were available. In no case should the reader assume that data in selected 
examples can be used as a standard, or base line, for comparison with experience 
of other firms. 

An attempt has been made to divide reasons which may explain the relationship 
of the major factors to absence experience into “disability” and “nondisability.” 
In practice this division is very difficult. 


A. Time of Day or Shift—Some reasons which may relate the time of day or 
shift to absence experience are the following: 


Disability Reasons Nondisability Reasons 


1. Diurnal variations in accidents due to: 1. Preference for usual leisure-time patterns 
(a) Sleep and fatigue patterns 2 


2. Opportunity to fulfill necessary personal 


(b) Illumination obligations during free time 
(c) Weather conditions 3. Availability of transportation 

2. Gastric disturbances due to abnormal 4. Differences in work motivation on various 
hours shifts 

3. Difference in opportunity to get proper 5. Differences in management policies to 
medical care workers on various shifts: 

4. Difference in physical status of workers (a) Differential benefits 


on various shifts: 
(a) Selection by company 
(b) Selection by worker 


(b) Worker experience requirements 


° 


o o o 
T 


T 


Percent of man days lost due to absence 


Day Shift Second Shift Third Shift 
Fig. 1—An example of the relationship of shift to absence experience. 
Adapted from Absenteeism, Survey Analysis 38, Merchants and Manufacturers Association, 
Los Angeles, 1954, p. 3. 
These data were collected during a one-month period in 1953 in a sample of 219 firms in the 
Los Angeles metropolitan area. Absences included in the count were those in excess of four 
hours in any one day. Specificially excluded were absences of less than four hours, those due to 


industrial accidents, and authorized leaves of absence and vacations. Managerial, professional, 
and technical employees are excluded from these rates. 
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B. Day of Week.—Some reasons which may relate the day of the week to 
absence experience are the following : 


Disability Reasons (b) Housekeeping 
1. Week-end accidents: (c) Recreational activities 
(a) Athletic and recreational (¢) Travel : 
(b) Motor-vehicle and pedestrian 2. Weekly changes in monetary needs: 
(c) Home (a) Payday reduces need for immediate 


further income 


2. Gastric disturbances following week-end (6) Presence required on payday to 


overindulgence restive 
3. Weekly variations in certain occupational 3. Tendency for those absent to return to 
diseases 


work on a Monday morning. 
4. Weekly variation in fatigue 4. Desire for traditional time off on Satur- 
day or Sunday 


Nondisability Reasons 5. Week-end misdemeanors resulting in legal 


1. Weekly changes in personal obligations: action 
(a) Shopping 


| 


Week following | 


payday — 
Week with ; 
payday on 

Friday 


Percent of potential man days lost due to absence 


Wednesday Thursday Friday 


Day of the week 


Monday Tuesday 


Fig. 2—An example of the relationship of day of the week to absence experience. 

Adapted from Culley, J. F.: Absenteeism in a Leather Tannery, Thesis, Cornell University, 
1952, p. 77. 

These data were collected between July 9 and Sept. 16, 1951, from a leather tannery in north 
central Pennsylvania. There were 860 employees, including 20 women. Absence was defined in 
this study as “the failure of workers to report on the job when they are scheduled to work.” 
Note that payday is on alternate Fridays. 
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C. Month of Year—Some reasons which may relate the month of the year to 


absence experience are the following : 


Disability Reasons 
1. Seasonal accidents : 
(a) Athletic and recreational 
(b) Motor-vehicle and pedestrian 
(c) Home 
(d) Occupational 
2. Gastric disturbances in holiday seasons 
. Seasonal variations in certain disabilities : 
(a) Upper respiratory infections 
(b) Rheumatism 
(c) Gastrointestinal disturbances 
(d) Allergic diseases 
(e) Sunburn 
(f) Poison ivy dermatitis 
4. Seasonal preferences for elective surgery 
Nondisability Reasons 


1. Seasonal changes in personal obligations : 


(a) Shopping for special events 

(b) House cleaning 

(c) Recreational activities 

(d) Voting 

(e) Dual vocations—agriculture, selling, 
education, etc. 

(f) Care of dependents 

(g) Military leave 


. Seasonal changes in monetary needs: 
(a) Holidays 
(b) Vacations 
(c) Taxes 
(d) Living expenses 
. Seasonal weather and climate effects : 


(a) On transportation 
(b) On desire to work 


Years by months 


Fig. 3—An example of the relationship of month of year to absence experience. 
Adapted from Plummer, N., and Hinkle, L. E.: Sickness Absenteeism, A. M. A. Arch. Indust. 


Health 11:218 (March) 1955. 


These data were collected between 1950 and 1954 by the New York Telephone Company. 
There were 75,000 employees, 50,000 of whom were women. Absence in this study was defined 
to exclude all nondisability leaves, such as vacations, holidays, jury duty, and maternity leave. 


D. Year-to-Y ear Changes.—Some reasons which may relate year-to-year changes 


to absence experience are the following: 


Disalibity Reasons 
1. Long-term trends: 
(a) Increased hospitalization and accident 
insurance 

(b) Increased medical prepayment plans 
(c) Improvements in medical science 
(d) Aging of work population 
(e) Changed disease patterns 
(f) Improved health facilities 


(g) Changed workmen’s 
laws 
(h) Changes in industrial safety 


compensation 


2. War periods: 


(a) Shortage of physicians 
(b) Inadequate diets 

(c) Overwork 

(d) Unhealthful housing 
(e) Changes in work force: 
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(1) Draft of physically fit men 2. War periods : 

(2) Increase in female, very young, (a) Altered transportation facilities 
and very old workers (b) Changed work motivation : 

(3) Use of inexperienced workers (1) Increased income 
with high injury rates (2) Decreased consumer goods 


(3) Patriotism 


(4) Changed working conditions 
(a) Inability to pay for medical care (5) Altered home responsibilities 


(b) Inadequate diets (6) Expectation of selective service 
(c) Changes in work habits (7) Work opportunities 
(d) Fittest and experienced workers (8) Military deferment by maintain- 


maintain jobs ing essential job 
(e) Unhealthful housing conditions 
(f) Altered accident exposures 


3. Periods of economic depression : 


3. Periods of economic depression: 
(a) Changed work motivation : 


Nondisability Reasons (1) Desire to maintain job in period 


1. Long-term trends: of labor surplus 
(2) Increased financial responsibili- 
(a) Increased nonoccupational disability 
compensation ties of those maintaining jobs 
(3) Tendency for most experienced 
nae workers to remain on job 
(c) Changed work motivation: , 


(4) Utilization of sick benefits prior 


(1) From altered family responsi- to expected severance 


bilities (b) Reduced workweek: 
(2) From altered attitudes toward (1) More time off for personal 
work responsibility reasons 
(d) Altered transportation facilities (2) Reduced shiftwork 


Percent of scheduled working time lost due to absence 


N.Y. Telephone 
it Company 
0 1 i 4 1 

1925 1930 1935 1940 1945 1950 


Year 


Fig. 4—An example of the relationship of year-to-year changes to absence experience. 

A, adapted from Plummer, N., and Hinkle, L. E.: Sickness Absenteeism, A. M. A. Arch. 
Indust. Health 11:218 (March) 1955. 

These data were collected by the New York Telephone Company between 1923 and 1953. 
The firm has many thousands of employees, the majority being women. Absence in this study 
excluded all nondisability leave. 


B, adapted from Thompson, D. M.: Controls for Absenteeism, Studies in Personnel Policy, 
Study 126, National Industrial Conference Board, Inc., New York, 1952, p. 6. 


These data were collected by the Eastman Kodak Company, of Rochester, N. Y., between 
1922 and 1951. It is believed all absences except holidays and vacation were included. 
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SYLLABUS ON WORK ABSENCE 


E. Age, Sex, and Marital Status of Employees—Some reasons which may 


relate age, sex, and marital status to absence experience ¢ are the following: 


Disability Reasons 1. Different work motivation: 
1. Differences in disease prevalence (a) Changed family and financial respon- 
2 sibilities 


2. Differences in accident rates ; 
(b) Loyalty to employer and_ fellow 


3. Differences in exposure to occupational worker 


hazards 
(c) Different cultural attitudes toward 


4. Different eligibility for health benefits working with minor disabilities 


Nondisability Reasons 
2. Different work experience 


3. Different personnel practices 


~ 

2 

Married 

Females 

& 

25 

Single 

2 Females 

20r 

git 

Married 

Males 

5 

2 

Single 

Males 
16-25 26-35 36-45 46-55 56 and up 


Age in years 


Fig. 5.—An example of the relationship of age, sex,* and marital status to absence experience. 
Adapted from MacRury, K.: The Problem of Absenteeism, Studies in Personnel Policy, 
Study 53, National Industrial Conference Board, Inc., New York, 1943, p. 11. 


These data were collected prior to 1943 in the Owens-Illinois Glass Company. All absences 
are included except vacations, holidays, and work stoppages. 


* See also Tables 1 and 2. 


F. Income of Employees—Some reasons which may relate employee income to 
absence experience § are the following: 


Disability Reasons 4. Age, sex, and marital status 
1. Different physical stress of work 5. Different living conditions : 
2. Different exposure to occupational (a) Diet 

hazards (b) Housing 
3. Difference in ability to afford medical 
care 


t There is often a high correlation between age, income, and length of service of employees. 
Because of this, the reasons which relate these factors to absence experience are very similar. 


§ There is often a high correlation between age, income, and length of service of employees. 
Because of this, the reasons which relate these factors to absence experience are very similar. 
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Nondisability Reasons (c) Opportunities for promotion 


1. Different work motivation: - Different work schedule 


(a) Changed financial and family respon- . Different recreational habits 


sibilities . Different transportation 


mm & WwW 


(b) Loyalty to employer and fellow . Different personnel practices 


workers 


Annual number of days of ab 


$1.20 $1.36 $1.52 $1.68 $1.84 
to to to to and 
$1.35 $I.51 $1.67 $1.83 over 
Hourly pay rate in dollars 


Fig. 6.—An example of the relationship of employee income to absence experience. 
cena from Culley, J. F.: Absenteeism in a Leather Tannery, Thesis, Cornell University, 
, p. 95. 

These data were obtained during the period April 16 to Sept. 16, 1951, from one section of a 
leather tannery located in a rural area of north central Pennsylvania. The personnel of the 
section of the firm from which these data were obtained was composed of 184 men. The definition 
of absence used was “the failure of workers to report on the job when they are scheduled 
to work.” 


G. Length of Service of Employees—Some reasons which may relate length of 


service of employees to absence experience || are the following : 


Disability Reasons (b) Hospitalization and accident insur- 


ance 


1. Changes in age of worker and consequent 5 Abili f alts 


2. Increased exposure to occupational dis-  Nondisability Reasons 


eases with increased length of service 1. Different work motivation : 
(a) Financial and family responsibilities 


3. Changed exposure to industrial accidents : “te 


(a) Increased familiarity with job 


‘ f workers 
(b) Altered physiological responses (c) Opportunities for promotion 
4. Increased eligibility for health benefits: 2. Different recreational habits 
(a) Sick leave 3. Different personnel practices 


|| There is often a high correlation between age, income, and length of service of employees. 


Because of this, the reasons which relate these factors to absence experience are very similar. 
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nN 
wn 


Annual number of days of absence per employee 


1-2 2-3 
Yeors of service 
Fig. 7—An example of the relationship of length of service of employees to absence experi- 
ence. 


Adapted from Hazard, W. G.: Putting Absence Records to Use, Am. J. Pub. Health 41: 1087 
(Sept.) 1951. 

These data were collected in 1949 from one plant of the Owens-Illinois Glass Company, 
of Toledo, Ohio. Only the 441 female employees of the plant are included. All nonindustrial 
injury and illness absences for personal medical reasons are included. Nonmedical absences, such 
as those due to family illness, are excluded. 


H. Type of Work Done by Employees.—Some reasons which may relate type of 
work done by employee to absence experience are the following : 


Disability Reasons morbidity prevalence 
1. Differences in occupational hazards : 3. Differences in physical requirements for 
(a) Accidents certain types of positions 
(b) Diseases . Differences in eligibility for health bene- 
2. Differences in age and sex of workers fits : 
occupying job, with consequent altered (a) Paid sick leave 


6 


“Percent of potential man days lost 
due to absence 


Non-exempt 
Type of Employee 


Fig. 8—An example of the relationship of type of work done by employees to absence 
experience. 


Adapted from Absenteeism, Survey Analysis 38, Merchants and Manufacturers Association, 
Los Angeles, 1954, p. 3. 


These data were collected in 1953 in a sample of 219 firms in the Los Angeles metropolitan 
area. Absences included in the count were those in excess of four hours in any one day. 
Specifically excluded were those of less than four hours, absences due to industrial accidents, and 
authorized leaves of absence and vacations. The type of work done was defined as follows: 
Hourly employees work in shops or production; nonexempt employees work in offices, and 
exempt employees are managerial, professional, or technical. 
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(b) Hospitalization and accident insur- 
ance 
(c) Periodic examinations 


Ability to pay for medical care 


Nondisability Reasons 


1. Differences in work motivation: 


2. 
3. 


(a) Family and financial responsibilities 
(b) Loyalty 
workers 


to employer fellow 
(c) Opportunities for promotion 
Different work schedule 


Different personnel practices 


I. Type of Operation Performed by Firm.—Some reasons which may relate 


Disability Reasons 


1. 


W 


6 


1 


Different medical requirements for em- 
ployment 

. Different occupational hazards 

. Difference in employees’ age and sex 

. Geographic location of industry 

. Difference in workers’ ability to pay for 
medical services 


. Availability of in-plant health services 


Nondisabiiity Reasons 


. Size of firm 


3 4 
T 


2 


| 


lost due to absence 


Percent of potential man days 


0 


Ww 


type of operation performed by firm to absence experience are the following : 


. Type of management-labor relations 
. Labor market for special occupations 


. Availability of personal services in vicin- 


ity 


. Employee attitude toward company and 


fellow employees 


. Personnel policies 
. Occurrence of seasonal employment 


. Geographic location of plants 


. Characteristics of employees 


= & > 0 = 2 
‘ : 2° 4 3 
2 
=4 3 
aa 
+s Fig. 9—An example of the relationship of type of operation performed by firm to absence 
experience. 
us Adapted from Absenteeism, Survey Analysis 38, Merchants and Manufacturers Asoociation, 
> Los Angeles, 1954, p. 2. 
- These data were collected in 1953 in a sample of 219 firms in the Los Angeles metropolitan 
. area. Absences included in the count were those in excess of four hours in any one day. 
Specifically excluded were those of less than four hours, absences due to industrial accidents, 
: : and authorized leaves of absence and vacations. Managerial, professional, and technical employees 


are 
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Disability Reasons 
1. Regional differences in disease preval- 
ence : 
(a) Climate and weather 
(b) Hygiene facilities 
(c) Cultural health patterns 
(d) Nutritional status 
(e) Availability of medical care 
2. Regional differences in and 


age, sex, 


marital status of workers 


experience are the following: 


Disability Reasons 
1. Different medical requirements for em- 
ployment 

. Different occupational hazards 

. Difference in employees’ age and sex 

. Availability of in-plant health services 


w 


9.0 


Percent of scheduled man hours lost due to absence 


Location of ship building zones 


Fig. 10—An example of the relationship of 
geographic location of firm to absence experi- 
ence. 

Adapted from Kennedy, E. V.: Absenteeism 
in Commercial Shipyards, 1942, Month. Labor 
Rev. 56:211 (Feb.) 1943. 

These data were collected from 81 commer- 
cial shipyards throughout the United States. 
All the yards were engaged in new construc- 
tion; yards doing repair work were not 
included. Absenteeism is defined as “the failure 
of workers to report on the job when they are 
scheduled to work.” Absences because of vaca- 
tions, authorized days off, and part-day 


absences are not. included. 


J. Geographic Location of Firm.—Some reasons which may relate location 
firm to absence experience are the following: 


K. Size of Firm—Some reasons which may relate size of firm to absence 


Nondisability Reasons 
1. Size of firm 
2. Labor-management relations 
3. Type of local labor market 
4. Accessibility of personal services 
5. Work motivation: 
(a) Family and financial responsibilities 
(b) Attitude toward, employer and fellow 
employees 
6. Personnel policies 
. Availability of housing 
8. Suitability of transportation 


Nondisability Reasons 


1. Type of management-labor relations 


tho 


. Availability of in-plant personal services 
3. Employee attitude toward company and 
fellow employees 


4. Personnel policies 


un 


. Characteristics of employees 


. Type of firm 


Annual number of days of 
sick absence per employee 
Ss 
T 
1 


Under 1,000 2,000 Over 
1,000 to to 3,000 
1,999 2,999 
Number of employees 


Fig. 11—An example of the relationship of 
size of firm to absence experience. 


Adapted from Ramsey, E. L., and Sargent, 
D. S.: Report of Subcommittee on Absentee- 
ism Due to Illness for 1952, American Gas 
Association, New York, 1953, p. 214. 


These data were obtained in 1952 from 56 
gas companies in response to questionnaires 
mailed to 113 companies, each employing 225 
or more persons. Absences reported are for a 
duration of one day or more. Apparently only 
disability absences are contained in these data. 
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Practices Concerned with the Selection and 
Placement of Workers 

1. 
z 


9. 
10. 
Practices Concerned with the Reporting and 

Investigation of Absences 


8. 


A: 


Interviewing of applicants 
Checking references (particularly in re- 
gard to absences records) 


3. Psychological testing 
4. Minimum hiring age 
5. Maximum hiring age 
6. 
7 
8 


Employment of married women 


. Employment of handicapped workers 
. Hiring workers who have been retired by 


other companies 
Preplacement physical examination 
Job-placement counseling 


Physician’s certificate required after 
absence (of a specified length) due to 
illness 


. Absent person or his physician telephoned 


by member of firm 


. Absent person visited at home by nurse or 


other company personnel 


. Letter of inquiry sent to absent person 
. Telegram sent to absent person 
. Time card of employee kept at personnel 


office or medical department during un- 
authorized absence 


. Periodic reports on individual absences 


are made to supervisors and personnel 
offices 

Maintaining confidential health and per- 
sonnel records 


Practices Concerned with Compensation for 
Absences 
1. 


Penalties for unexcused absences 
Compensation for nonoccupational dis- 
ability lost time 


. Compensation supplement for workmen’s 


compensation insurance payments 


. Attendance required pre- or post-holiday 


for holiday pay 


. Bonuses for unused sick leave or attend- 


ance 


Practices Concerned with Hospitalization, 
Medical Care, and Health Examinations of 
Workers 
1. 


Eligibility for in-plant employee health 

service : 

(a) Periodic, transfer, and return-from- 
sickness examinations 

(b) Health counseling 

(c) Health education 


ARCHIVES OF 


L. Personnel Practices of Firm.—Virtually every personnel practice may poten- 
tially affect absenteeism by altering the employees’ desire to work. A selected list 
of personnel practices which may play a role in absenteeism experience is given 


below. 


? 


INDUSTRIAL HEALTH 


Eligibility for hospitalization, medical 
care, and accident insurance. Provisions 
may include: 

(a) Maternity benefits 

(b) Surgical benefits 

(c) Hospitalization benefits 

(d) Comprehensive medical benefits 

(e) Major medical expense benefits 


. Time off with pay for medical and dental 


appointments 


Practices Concerned with Provisions for Per- 
sonal Activities 


ON 


The granting of leaves of absence 
Seniority status altered by leave of 
absence 


. The length of workweek 
. The payment of overtime 
. Shiftwork policies 


(a) Rotation 
(b) Differential wages or benefits 


. Premium pay for work on Saturday and 


Sunday as such 


. Time off for lunch periods 

. Paid rest periods 

. Time off on religious holidays 
. Length of vacation allowance 
. Time off with pay: 


(a) Death in immediate family 
(b) Illness in family 

(c) Marriage 

(d) Trial witness 

(e) Voting 

(f) Jury duty 

(g) Military leave 


Other Practices Influencing Worker Motiva- 
tion 


1. 
2. 
. Length-of-service bonus 

. Year-end bonus 

. Company loans to employees 

. Credit unions 

. Company-owned housing 

. Transportation assistance 

. Company cafeterias 

. Coffee breaks 

. Suggestion system 

. Personnel counselors 

. Recreational facilities 

. Music in the plant 

. Education and training 

. Supervisor attitude during training 
. Employee indoctrination 


w 


Profit-sharing plans 
Pension plans 


| 
3 
| 
5 
2 
4 
6 
7 
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"9 
9 


No work 


Percent of potential man days 
lost due to absence 


Day hed Holiday Day following 
to holiday holiday 
Wednesday Thursday Friday 


Fig. 12—An example of the relationship of one personnel practice to absence experience. 

Adapted from ee Survey Analysis 38, Merchants and Manufacturers Association, 
Los Angeles, 1954, p. 3 

These data were collected from 219 firms employing more than 109,000 persons in the Los 
Angeles metropolitan area. The firms covered a large variety of business enterprises. Absences 
of the following types were excluded: absences of less than four hours’ duration; industrial 
accidents, and vacations and authorized leaves of absence. Absence rates also exclude managerial, 
— and technical employees. The holiday occurred during a one-month survey period 
in 1953 

TABLE 3.—Major Costs to Management of Employee Absence 


_Annual © ost in Dollars 


Case i Case uu Case E 


Automobile Department Iron and Steel 
Dealer, Store, Fabricator, 
55 Employees 485 Employees 425 Employees 
Per Em- Per Em- Per Em- 
Item Total ployee Total ployee Total ployee 
1. Compensation for sickness absence by direct, 
mutual, or insurance payment...............- $2,400 $43.64 $17,500 $36.08 $2,250 $ 5.29 


2. Hospitalization, medical and surgical care by 


direct, mutual, or insurance payment 2,900 0 0 36,214 85.21 
3. Workmen’s compensation insurance.......... 1,731 n. a. n. a. 9,380 22.07 
4. Employer’s liability to disabled worker in 
addition to workmen’s compensation......... 0 0 0 0 0 0 
5. Clerical and managerial time for records, 
insurance, and workmen’s compensation..... 70 1.27 30 0.06 2,000 4.71 
6. Terminations due to employee disability..... 0 0 0 0 0 0 
7. Indirect costs 
(a) Recruiting and training substitute workers 1,450 26.36 7380 161 3,183 749 
(b) Idle stand-by capacity..................... n. a. n. a. 17,680 36.45 1,524 3.59 
(c) production resulting from absent 
5,000 9.91 n. a. n.a n.a 
(d) Differential effectiveness of substitute 
workers 
(1) Higher pay—same work............... 1,250 18,000 37.11 n. a. n.a 
(2) Same pay—less work..............+0+. 1,500 n.a n.a 5,383 12.67 
$16,301 $53,960 $11 31 $59,934 $141.02 


n. a. = not available. 
Adapted from 
(a) Methods of Determining the Monetary Cost of Employee Illness and Injury in Small Non-Manu- 
facturing Firms, Bureau of Business Research, School of Business Administration, University of 
Michigan, 1954: Unpublished report. 

(b) Determining the Cost of Sickness and Injury to Small Manufacturers, Bureau of Business Research, 
School of Business Administration, University of Pittsburgh, 1954: Unpublished report. 

CASE 11.—These data were collected in 1954 from an automobile dealer in a medium-sized midwestern 
city. The firm has a total of 55 employees—20 salaried personnel, 5 hourly people, and 30 on a commission 
basis; 51 are men and 4 are women. The firm has no formal sick-leave policy, and each case is judged on 
its own merits. Absences because of paid holidays and vacations have been excluded. No in- plant health 
services are provided. 

CASE 14.—These data were collected in 1954 in a department store in a midwestern city which employs 
485 persons—160 men and 325 women. All employees are on a salary basis, and those with more than two 
months of employment are eligible for some compensated sick leave. Absences because of paid holidays and 
vacations have been excluded. No in-plant health services are provided. 

CASE E.—These data were collected in 1954 from an iron and steel fabricator in the Pittsburgh ares. 
The average number of employees is 425—83% male, 17% female. There are 50 salaried employees who are 
compensated for sick leave on an individual basis. Absences because of paid holidays and vacations have 
been excluded. No in-plant health services are provided. 
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VI. DETERMINING MONETARY COSTS OF EMPLOYEE ABSENCE 

The direct cost to individual workers from absence is relatively easy to 
calculate. The indirect cost of higher production expenses which may, in turn, 
be reflected in increased consumer prices and reduced wages is more difficult 
to estimate. 

Costs of absence are not directly available to management. Their determina- 
tion requires considerable analysis of existing records as well as special studies 
and estimates. Costs of absence as such are difficult to separate from all those of 
employee disability in general. Methods for determining management’s over-all 
costs from employee sickness and injury have been developed.’ An outline, based 
on this work, for estimating absence costs to management is given in Table 3. 


REFERENCES 
i. Murthy, S. A. S.: Absentism in Industry, Indian J. Soc. Work. 14:132, 1953. 
2. Personnel Practices in Factory and Office, Studies in Personnel Policy, Report 145, 
National Industrial Conference Board, 1954, Table 40. 


2. Personnel Practices in Factory and Office, Studies in Personnel Policy, Report 145, 
National Industrial Conference Board, 1954, Table 67. 


4. Computing Absenteeism Rates, Survey 27, Bureau of National Affairs, 1954. 


5. Blumberg, M. S.: The Costs of Employee Sickness and Health Services, occupational 
health news item, A. M. A. Arch. Indust. Health 12:472 (Oct.) 1955. 
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Abstracts from Current Literature 
Epirep By Dr. CurIstoPpHER H. Woop 


General 
TRANSACTIONS OF THE NINETEENTH ANNUAL MEETING OF THE INDUSTRIAL HYGIENE Foun- 
DATION HELD aT MELLON INstTITUTE, PitTtsBURGH, Nov. 17-18, 1954. Transactions Bulletin 
28, Industrial Hygiene Foundation of America, Mellon Institute, 1955. 


The transactions of the general meeting and the technical conference proceedings are all 
included in this publication, which may be obtained from C. Richard Walmer, M.D., Mellon 
Institute, 4400 Fifth Avenue, Pittsburgh 13, Pa. Price $2.75. 


HEALTH OF THE INDUSTRIAL WoRKER IN IRAQ. A. M. CritcHLey, Brit. J. Indust. Med. 
12:73-75 (Jan.) 1955. 


An industrial revolution is rapidly advancing in Iraq. Up-to-date well-equipped factories exist 
alongside some of the worst insanitary slums of the past. Today the great agricultural industry is 
as bad as any. It is utterly unorganized, and the fellah is a living pathological specimen, the 
victim of ancylostomiasis, ascariasis, malaria, schistosomiasis 


trachoma, bejel, and tuberculosis ; 
but the public-health specialists are hard at work. Dermatitis is frequent in the old workshops, 
particularly in the tanneries where “trade holes” abound. Malignant pustules occur from handling 
infected wool. An excellent example of modern hygiene in industry is the plant of the Iraq 
Petroleum Company, employing some 9000 persons. Here all is in order, with a whole-time 
safety officer, good canteens, and well-equipped hospitals with 175 beds. There are other modern 
factories not so large. All go to leaven the loaf of the past. 

A survey was made of porters who form a necessary part of life where streets are too 
narrow and uneven for burdens to be moved by any other means. One hundred were interviewed ; 
many were not Iraqi but came from Luristan; they learn to carry heavy loads up to 200 kg. A 
few ill effects were noted—some varicose veins, arthritis of spinal column, and hernia. Blood 
pressure, as is usual with Iraqi, was low. Few were powerful men, and they weighed an average 
of 9 st. 10 Ib. (136 Ib.). 

A new law has been drawn up, to consolidate existing legislation, to be called the Law Con- 
cerning Work and Workers. It will stop labor under the age of 12, grant pregnant women 
three weeks’ absence before confinement, limit working hours, and award compensation for 
accidents and industrial diseases. Medical students are to be taught preventive, social, and 
industrial medicine. Little has yet been done to help the disabled by rehabilitation or by finding 
them fitting occupation. The work waiting to be done in Iraq is great, but a start has definitely 
been made and the fairly near future should see the country well set upon a progressive path. 


Report or H. M. Inspectors oF MINES AND QUARRIES UNDER THE METALLIFEROUS MINES 
RecutaTion Act, 1872, AND THE Quarries Act, 1894, For THE YEAR 1952. Ministry of 
Fuel and Power, H. M. Stationery Office, London, 1954. 


The number of persons employed at quarries was about 62,000, including 8360 at opencast 
coal workings. Mechanical methods are employed increasingly, with the result that much of the 
dirty and laborious work formerly accepted as part of the quarryman’s job has been eliminated. 
The increase in mechanization brings its risks and problems, for extra care is needed with 
portable machines, such as excavators, lorries and dumpers, cranes and bulldozers. Indeed, 
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the present position causes concern, as the accident rate due to the haulage and transport of 
material continues to increase. 

Large blasts are becoming more popular, especially at the harder road-stone quarries. These 
can cause serious difficulties if they are carried out haphazardly, but a method of drilling which 
helps to avoid these troubles is being used more and more extensively. Capped fuses are becoming 
more popular, and their wider use is urged on grounds of increased safety. 

The accident rate of fatal and immediately reportable accidents at all quarries was 2.98 per 
1000 employed, and the rate for opencast coal workings was nearly double that for other quarries. 

At metalliferous mines the use of Diesel machines is increasing. Electric cap lamps continue 
to displace naked lights, and they are much safer, especially where grain explosive is used. An 
account is given of an underground fire at a lead mine in Westmorland which caused the deaths of 
four men through carbon monoxide poisoning. The availabie evidence suggested that a discarded 
cigarette might have been responsible for the fire. 

Vigorous attention continues te be directed to the prevention or control of air-borne dust. 
Extraction plants at sawing tables in mills have effected great reductions in dust concentrations ; 
dust traps and treatment of floors are much used; water-fed drills have been provided in all 
the Cornish mines where there is dangerous dust, and there are mist projectors for use during 


lasting. 
blasting CONDENSED FROM BULL. Hya. 


Morsipity RECORDS AND STATISTICS FOR INDUSTRY. 
BrocuureE 1.: A MarcinaL Puncw Carp System For Lost-T1ime Mor- 
BIDITY. Second revision, March, 1955, pp. 31. 


Brocuure 2: A Duat-PurposE Puncnu Carp System FOR CoLLectinc Lost-TIME 
Morpsipirty. First revision, May, 1954, pp. 30. 

Brocuure 3: A Hanp-TABULATION CARD FOR CoLLectinc Lost-TimeE Morpsipity. 
First revision, November, 1954, pp. 13. 

Brocuure 4: A System FOR CoLLectiING Data oN VISITS TO THE HPALTH CENTRE. 
First revision, October, 1954, pp. 31. 


All published by the Division of Industrial Hygiene and Medical Statistics, Department of 
Health for Ontario, 1955. 

Brochures 1, 2, and 3 outline a uniform reporting system for collecting lost-time morbidity. 
They differ only in the type of recording form used and the amount of detail reported. 

Several features of the system should be useful in guaranteeing uniformity of data from 
plant to plant. Standard definitions of terms commonly used in the field of lost-time morbidity 
are presented. Methods for handling problems, such as absences, which carry over from year to 
year are discussed. For those systems in which causes of absence are recorded, 19 diagnostic 
categories, based on the sixth revision of the International Classification of Diseases, Injuries, 
and Causes of Death, have been devised, allowing for easy classification of each cause as a 
“sickness” or an “accident.” A list of common causes falling in each category is given. To help 
assure uniformity, standard processing and tabulating procedures are recommended, and the 
basic descriptive tables for plant population and for absences are presented in outline form. 

In Brochure 4 a system for collecting data on visits to the health center which will be com- 
parable to lost-time morbidity is discussed. 

This system seems much more cumbersome than the one for absences because of the design 
of the Daily Visit Form. In order to distinguish persons from visits, each line of this form is to 
be used for a person, changing the count of his visits each time he comes to the clinic that day. 
Sixty-one columns (some not used) are provided for the description of each visit; some require 
classifying two or three characteristics at the same time. For example, two columns each are 
provided for old conditions, new sicknesses, and new accidents, one column for occupational, the 
other for nonoccupational data. Since the possibilities for error in recording are great, intensive 
training in the use of the form would seem necessary to assure accuracy. 

The aids to uniformity mentioned in connection with lost-time morbidity are also discussed 
in this brochure. The diagnostic categories are basically the same except for a finer breakdown 
for minor accidents. 


MARGARET DROLETTE. 
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Protecrep Lapor. M. Piton, Arch. mal. profess. 16:138-149, 1955. 


Protected labor is a term reserved for work of a particular type and reserved for those who 
by reason of physical or mental state are unable to carry out regular work under normal condi- 
tions. The group of persons concerned are capable of doing good and useful work under suitable 
conditions. They should not be left to charity and to drift onto the waste heap of employment. 
They gain in health and in individuality, and the State gains useful citizens if their capacity for 
productive labor is properly organized. The author suggests that France is somewhat behind 
some other countries in this matter. After stressing at some length what the problem entails, 
he quotes examples of what is being done in other countries. America has its Altro Workshops 
and the Goodwill Industries, as well as the cooperative workshop started by Viscardi, himself 
born without legs. Sweden has the Ericsson Establishments and the Nyman Establishments, at 
Uppsala. England has Remploy, Ltd., with 135 protected labor factories, the Forces Help 
Society, and the Poppy Factory, and employers are called upon to find work for a definite 
percentage of “lame” workers. 


France has made a beginning, but an organized scheme under State supervision is required. 
A suggestion is advanced for the recognition of work in the home as well as work in factories 
and other institutions. Work in the home has considerable advantages, but it must be supervised 
from centers whence the work is issued and the output is marketed. Here, as in the factories, the 
output has to go into the open market, and those employed have to feel that they are part of 
normal industry. Many subnormal workers have only fallen out temporarily through accident 
or illness and require rehabilitation which must precede protected work; rehabilitation includes, 
where needed, retraining in some new occupation. At each stage a knowledge of industrial 
medicine is needed to reclassify the person who is recovering or acquiring greater capacity. 
The industrial physician must see that the amount of work and the hours of work are reasonable. 
France possesses in La Sécurité Sociale and L’Office Public d’Hygiéne Sociale departments 
which are interested in this important scheme for organizing protected labor. 


E. L. Cottts. 


IMPORTANCE OF GERIATRICS IN INDUSTRIAL MEDICINE. R. T. Jonnstone, J. Am. Geriatrics 
Soc. 3:117 (Feb.) 1955. 


Johnstone feels that the implementation of a sound geriatrics program in industry is going 
to be most difficult because of those who intentionally or unintentionally create roadblocks. 
Many physicians are not sufficiently aware of the program of industrial medicine and of its 
importance, but no geriatrics program in industry can be successful without the cooperation of 
the physican in general practice. 

Management is often a second roadblock. Although during the World War we heard the 
older worker praised for his low incidence of absenteeism and his sense of loyalty, responsibility, 
and experience, with the return of the more vigorous worker the older one was discarded to the 
human scrap heap. There are, of course, exceptions. Certain of our large industries, with wise 
medical direction, make efforts to retain their older workers. 


Discharging the older worker after he has been absent due to illness is too common. When 
he requests a lighter job, he is told, “We just don’t have any light jobs.” As to hiring a new 
worker of 45 years of age or more, management often believes that it is unprofitable to employ 
him because of the investment in training for a new job. Pension plans constitute a frequent 
reason for the refusal to hire the aging applicant. 

The third roadblock is found in the attitude of labor. As one who for nearly 20 years has 
limited his practice to occupational medicine, the author has a deep appreciation of the benefits 
of intelligent unionism. On the other hand, his relations with the individual workers revealed that 
unions often create hardships for the members they supposedly defend. The unions’ position e: 
regarding seniority, down-grading, reassignment of work, and other rigid principles may seem 
just to their membership in the aggregate, but the failure to relax for individual cases cannot be 
supported. The unions’ unwillingness to compromise in certain situations creates a hardship, 
especially for an older worker. 
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Physiology and Nutrition 


Work Capacity AFTER Bioop Donation. B. BaLke, G. P. Gritto, E. B. Konecct, and 
U. C. Lurt, J. Appl. Physiol. 7:231-238 (Nov.) 1954. 


Work capacity was determined during exercise on the treadmill; heart rate, blood pressure, 
and respiratory gas exchange in response to an increasing work load were used as criteria of 
performance. Experiments on the after-effects of blood donation (500 cc.) were carried out on 
14 subjects at different intervals after venesection. Within one hour after blood donation the 
reduction in optimal work capacity was statistically very significant as compared with repeated 
controls made previously. Test results obtained 48 and 72 hours after blood loss were not 
significantly different from the normal. Determinations on the 8th and the 10th day after blood 
donation revealed an improvement in work capacity which was statistically significant. 


From THE AuTHoRS’ SuMMARY [INDust. Hyc. Dicesrt]. 


INFLUENCE OF INSPIRED AIR TEMPERATURE ON TOLERANCE TO WorK IN THE Heat. A. R. 
Linp, Brit. J. Indust. Med. 12:126-130 (April) 1955. 


A series of tests were made to compare the temperatures of inspired air attained during use 
of two types of self-containing breathing apparatus. Apparatus 1 used a cylinder of compressed 
oxygen as a source of supply of oxygen; Apparatus 2 used liquid air. Test conditions involved 
having volunteer mine workers do set tasks in saturated still air at temperatures from 29.4 C 
(85 F) to 37.8 C (100 F). 

The rates of rise and the maximum inspired air temperatures were lower with Apparatus 2. 
The “tolerance time” of men wearing Apparatus 2 was, on the average, 9% greater than that of 
men wearing Apparatus 1. Evidence was obtained suggesting that an inspired air temperature of 
39 C is the upper limit for respiratory comfort while wearing self-contained breathing apparatus. 


K. W. Netson, Salt Lake City. 


SILICA IN THE BLoob: Its PHYSIOPATHOLOGICAL SIGNIFICANCE IN SILicosis. H. DESOILLE, 
L. Dérosert, R. Le Breton, J. Laruma, and J. Vacner, Arch. mal. profess. 16:5-19, 
1955. 

This article is mainly concerned with describing a method for detecting silica in the blood. 
The method depends upon the color reaction of a silicomolybdic complex in a sodium bisulfite 
solution with a pH between 2.7 and 3. Instead of a spot-light galvanometer a self-registering 
galvanometer was used, so eliminating the personal factor. The silicomolybdic complex reduced 
by the sodium bisulfite gives a blue color, varying with the concentration of silica present. 
Samples of results obtained are reproduced. 

The technique was tried out on guinea pigs which for 10 months had been exposed to silica 
dust inhalation. Similarly, the normal content of silica was determined in 96 normal persons and 
in 120 miners, silicotic or nonsilicotic. Dusting with silica was associated with the passage of 
noncrystallized silica into the blood and into other organs (spleen, liver, and kidneys) as well 
as into the lungs. The presence of this noncrystallized silica exerted a special physiopathological 
significance. E. L. Cottis. 


OBSERVATIONS ON THE ELECTROPHORETIC ANALYSIS OF SERUM PROTEINS IN SILICOSIS. 
G. Proyarp and A. Nizet, Arch. mal. profess. 16:20-26, 1955. 


Certain authors have claimed that when serum proteins are examined by electrophoresis in 
cases of silicosis the gamma globulins are increased and in cases of tuberculosilicosis the alpha 
globulins are increased. Thereby the rapidity of development of silicosis or the importance of 
associated tuberculosis may be assessed. In order to test this claim, observations were made 
upon the following: (a) 40 normal persons chosen at random; (b) 26 underground miners, 
apparently normal, with no x-ray signs, and (c) 35 silicotics, of whom 24 were medium cases and 
11 had advanced silicosis; in no case was tuberculosis thought to be present. The findings of 
serum proteins in these groups have been presented in tabular form. When these results were 
compared, no differences were found until the advanced cases of silicosis were considered. Here 
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an elevation in the alpha globulins was noted, which seemed to be associated with necrosis. 
It was similar to that which occurs in the days after surgical procedures. Even then the gamma 
globulins remained normal. The authors consider the claim advanced to be illusory and 


fallacious. E. L. 


Comrort AND EFFIcieNcy oF Factory Workers IN Warm Ciiates. K. J. ASPINALL, 
Occupational Safety and Health [International Labour Office] 4:179-186, 1954. 


In many industrially underdeveloped areas the importance of a healthful working environment 
and its economic value to the employer are not fully understood. The author presents basic 
information regarding heat exchange, ventilation, humidity, and lighting that must be considered 
in factory planning to provide desirable working conditions in hot climates. Some simple 
suggestions are made concerning practical inexpensive construction, and common objections to 
these methods are shown to have little foundation. 


Occupational Diseases and Hazards 


SILICON GRANULOMA OF THE SKIN. P. M. Crosstanp, A. M. A. Arch. Dermat. 71:457 
(April) 1955. 


Traumatic silicon granuloma of the skin simulates both clinically and histologically the 
cutaneous manifestations of sarcoidosis, tuberculosis, and other granulomas. The interval of 
latency between siliceous implantation and appearance of lesions is usually very long, in one 
recorded instance 45 years. Therefore, a history of associated trauma is many times not obtained. 
The case preserited here concerned a woman, aged 23, who in January, 1953, presented herself 
with an eruption in scars on both knees. The eruption had appeared one month previously, 
shortly after she had stopped nursing her 4-month-old baby. In 1940 this patient had fallen on a 
gravel playground, abrading her knees. The wounds were bandaged and healed in about three 
weeks, with scarring. 

The eruption, which was confined to the exact sites of scars from the fall 11 years previously, 
consisted of nontender, firm, erythematous papular lesions. 

Histologic examination of a specimen showed a sarcoid-like reaction of epithelioid and 
Langhans’ giant cells in the upper part of the cutis. Scattered throughout the sections were 
small, irregularly shaped crystalline particles, a few of which were engulfed by giant cells. The 
crystals were doubly refractile under polarized light. 


No treatment was given, but six months after the initial dermatologic examination the 
lesions had regressed spontaneously, leaving only a copper-colore . .\gmentation. 


The characteristic features of silicon granuloma of the ski. e as follows: a history of 
trauma involving some siliceous substance; a long latent interval, and the appearance of papular 
or nodular lesions at the exact sites of injury, often in scars. Microscopically, all lesions show a 
typical sarcoid reaction, with doubly refractile crystalline material demonstrable under polarized 
light. 


Since cholesterol, cholesterol esters, and other organic lipids are also doubly refractile under 
polarized light, conclusive proof of the siliceous nature of anisotropic crystals seen in sections 
can be established by means of microdissection and roentgen absorption spectrography. 


In diagnosis, sarcoidosis and tuberculosis must be ruled out by concomitant systemic findings. 
However, silicon granuloma may be present in association with either of these diseases. 


It is suggested that silicon may play an active role in the development of granuloma from 
traumatic contact with broken fluorescent bulbs. 


Dors Mist Cootine Risk Operator? Harry F. Scnutte, Am. Mach. 99:122-124 (March) 
1955. 


Use of oil-mist cooling in metal-working industries raises the problem of possible health 
hazard to machine-tool operators. The most important factor in predicting the existence of a 
hazard is the actual composition of the coolant. Oi!-mist pneumonia is a remote possibility. 
Further data are required on concentrations under actual working conditions. 


Cuartes E. BILtincs. 
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ANTHRACOSILICOSIS, WITH SPECIAL REFERENCE TO PuLMONARY Cavitation. N. M. WALL, 
Am. Rev. Tuberc. 71:544 (April) 1955. 


Among 100 miners working, in the southern Pennsylvania anthracite coal fields, who had 
anthracosilicosis and were hospitalized and died at the Pottsville Hospital, autopsy revealed 
pulmonary cavitation in 15; none of these cavities was apparently caused by tuberculosis. Three 
patients had tuberculosis of the miliary type; two of these had mild anthracosilicosis, and 
the third had severe anthracosilicosis with cavitation, but the cavitation was nontuberculous. 
The diagnosis of the presence or absence of tuberculosis was based on microscopic examination 
of stained smears from cavity contents and histological sections. In a few cases cultures for 
tubercle bacilli were also obtained. 


Most of the patients died of heart disease, with cor pulmonale accounting for half of the 
cardiac deaths. 


Five of the patients had bronchogenic carcinoma, and four of these tumors were primary, 
i. €., an incidence of 4% as compared with one of 0.23% in the general male population of the 
Pottsville Hospital. 


The author’s observations have been impressive with respect to the lack of tuberculous 
findings in even the severest cases of cavitation; these results did not confirm the concept of 
tuberculosilicosis as proposed by other investigators. An incidence of bronchogenic carcinoma in 
anthracosilicosis more than 10 times that of the general population raises the question whether 
anthracosilicosis presents an unusually favorable background for cancer of the lung. 


PREDICTION OF THE DERMATOLOGICAL HAzARD OF CHEMICAL Contactants. H. J. Spoor, 
Compens. Med. 6:11-14 (Sept.-Nov.) 1954. 


The use of the patch test is discussed as a method of predicting the dermatological effects of 
new chemicals before they cause occupational dermatitis. Three animal tests are described—the 
rabbit conjunctival sac irritation method, the animal skin patch test, and the repeated intra- 
dermal insult guinea pig test. Human skin testing, however, is the most satisfactory means of 
predicting the effect of a chemical. The standard Schwartz-Peck prophetic patch test is described. 
The range of the patch test can be extended by combining it with a use test. Another effective 


approach is the application of a patch test to abraded skin. Iupust, Hyo. Dicest 


PULMONARY VASCULAR CHANGES IN COoAL-WoRKER’s PNEUMocontosis. A. L. WELLS, 
J. Path. & Bact. 68:573-587 (Oct.) 1954. 


The anatomical changes observed in the pulmonary vessels at 388 autopsies on coal workers 
from the South Wales coal field are described. Lesions were found of an obstructive and 
destructive nature, slight and infrequent in 181 cases of simple pneumoconiosis but severe and 
fairly widespread in 136 cases of massive pneumoconiosis and in 71 cases of active tuberculosis. 
Varying degrees of enlargement of the bronchial arterial system were found. Occasionally, in 
cases with severe lung fibrosis, there was a development of large bronchopulmonary arterial 
shunt. Such changes are usually accepted as due to aging, but they were more pronounced than 
age would account for throughout all the cases. The various stages leading to obliteration of 
the pulmonary vessels, most definite in massive fibrosis and in tuberculosis cases, are carefully 
described. The changes included thinning of the wall of the arteries by the adjacent fibrotic 
process, with resulting ulceration of the intima. The over-all loss of vessels was sufficient to 
provoke pulmonary hypertension. Peripheral venous thrombosis, leading to cardiac failure, was 
seen in many cases. Certainly varying degrees of bronchial arterial erilargement occur in severe 
coal-worker’s pneumoconiosis, especially in the presence of active tuberculosis. The relation 
of abnormal bronchopulmonary shunts to the development of cor pulmonale and heart failure 
cannot be decided definitely. 


The changes observed are described under the headings of nonspecific changes, specific 
pulmonary artery changes, thrombotic changes, and bronchial artery lesions. At each stage 
the findings are illustrated by a series of excellent illustrations of the microscopic appearances. 
Of particular interest are Figures 3 and 4, contrasting the pulmonary arteries of normal and 
massive pneumoconiotic lung after injection. E. L. Conus. 
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Review oF LiteRATURE ON HeaLtH Hazarps oF Metats: I. Copper. Sara J. DAVENPORT, 


Information Circular 7666, U. S. Department of the Interior, Bureau of Mines, November, 
1953. 


CARDIOVASCULAR CHANGES IN LEAD Co ic. M. Creret and F. Med. lavoro 45:523- 
532, 1954. 


Doubt having been cast upon the classical descriptions of cardiovascular changes in chronic 
lead poisoning, the authors were led to study carefully two cases of lead colic. The investigations 
included estimations of cardiac output, peripheral resistance, arterial elasticity, velocity of the 
pulse wave, glomerular infiltration, renal plasma flow, and renal vascular resistance by estab- 
lished methods which are indicated. The results are given in detail, and some tentative conclusions 
are derived from them, the most important of which perhaps is that the increase in arterial 


pressure during lead colic is caused by an increase in peripheral resistance due to spasm of the 
systemic arterioles. 


A third case of plumbism but without colic was also studied and exhibited greater increase 
in peripheral resistance in the kidney and brain than elsewhere, as in essential hypertension. 


All patients reverted to normal on removal from risk of further intoxication. 


C. O. S. Brooke [Butt. Hye.]. 


SILIcosis AND POLYARTHRITIS: A CONTRIBUTION ON THE PATHOGENESIS OF INFLAMMATORY 
Jotrnt Disease. H. Petry, Arch. Gewerbepath. u. Gewerbehyg. 13:221-236, 1954. 


This investigation consisted in examination of the case records of 350 Ruhr coal miners who 
had been patients with primary chronic or subacute polyarthritis during the period 1947-1953. 
Of these, 160 had not been exposed to silica dust. Of the remaining 190 patients, the German 
radiological classification was as follows: O, 86; O-I, 30; I, 17; Il, 9; II-III and III, 48. 
Stages II-III and III are taken together and correspond with PMF, tuberculosis being included 
where present. The high percentage of progressive silicosis in the arthritic patients was at 
once evident ; every fourth miner with subacute or chronic arthritis showed progressive silicosis, 
and from further investigation it appeared that almost every second arthritic patient with 20 or 
more years’ work as a miner showed advanced silicosis. Considerable discussion follows on the 
possible cause of this possible relationship, and certain humoral and other theories are quoted 
on the importance of silicosis as a general disease. 


As a result of the investigation it is concluded that silicosis in the most advanced stages is 
more frequent in miners with subacute or chronic polyarthritis than in those without arthritis and 
that the arthritis in these patients is associated with a high erythrocyte sedimentation rate and 
marked resistance to treatment. The radiographic changes called by Caplan “rheumatoid” were 
not found to be important in Ruhr miners; they were found in only 2 of the 190 arthritic patients 
in Hamm. Tuberculosis as a complication of silicosis did not appear to be more frequent in those 
with arthritis than in those without arthritis. It appears that there is some causal relationship 


between progressive silicosis and polyarthritis. E. L. Mippteton [Butt. Hye]. 


OccURRENCE OF SILICOSIS AND TUBERCULOSIS IN FoUNDRY WORKERS IN FINLAND. L. Noro 
and J. Patraca, Arch. Gewerbepath. u. Gewerbehyg. 13:276-284, 1954. 


The investigation recorded was made as a series of routine examinations undertaken at the 
Institute of Industrial Hygiene for the foundry employers’ organization in Finland during 1953. 
It included radiological examinations of 1660 workers in 13 iron, steel, and metal foundries. 

The results were classified on the Sydney scheme. Silicosis and fibrosis were found in 108 
persons (6.5%). Compared with similar investigations made in other countries, the frequency of 
pneumoconiosis in the foundries of Finland did not appear to be high. For the most part the 
degree of fibrosis and silicosis was slight: Grade O-I, 78; Grade I, 22; Grade II-III, 4; silico- 
tuberculosis, 4. 


[Some indication of the comparative incidence of pneumoconiosis in the three types of 
foundries—iron, steel, and other metals—would have been useful.] 


E. L. Mrppteton [Butt. Hye.]. 
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IMPORTANCE OF ANGIOGRAPHY AND BRONCHOGRAPHY FOR THE CRITICAL EXAMINATION OF 
Siticosts. G. Wortu and O. Zorn, Arch. Gewerbepath. u. Gewerbehyg. 13:285-300, 1954. 


The many changes in the pulmonary tissues brought about by the silicotic processes are dé< 
cussed. The distortion and obliteration of parts of the bronchial tree and of blood vessels are 
described and illustrated, with special reference to the use of contrast media in bronchi and blood 
vessels, as an aid to diagnosis, and the discovery of such bronchial and vascular lesions. 

Tomography is successful in representing main bronchi and vessels, but for the smaller 
peripheral branches it is insufficient. Since the adoption of the use of selective angiography 
with contrast media (Per-Abrodil-M. 80%, Joduron 70%, or Umbradil 70%) introduced into 
the pulmonary artery, and of bronchography with water-soluble and easily absorbed contrast 
media (Joduron, Per-Abrodil), the representation of vessels and bronchi became possible, even 
in silicosis. 

The presence of bronchitis and changes in the walls of the bronchi are difficult to diagnose 
by ordinary clinical methods, especially in silicosis, and these have been demonstrated by 
bronchography. Especially striking were the results of angiography and bronchography where 
marked narrowing of closure of the lumens of blood vessels and bronchi was present, as in the 
vicinity of dense silicotic nodules. 

[The 17 illustrations from radiograms showing these changes in the bronchial and circulatory 
vessels are of special value, and the original article might, with profit, be examined even for 


FE. L. Mippteron [Butt. Hye]. 


PRIMARY CorTICAL CELL TUMOR OF THE PERITONEUM IN A CASE OF AsBEstosis. F. LEICHER, 
Arch. Gewerbepath. u. Gewerbehyg. 13:382-392, 1954. 


The case reported here was that of a man, aged 53, who had been employed for 26 years, in 
the period 1919-1951, spinning coarse yarn and asbestos ; during 16 years of that time he had been 
exposed to high concentrations of asbestos dust. In 1937 slight asbestosis was diagnosed; in 
1947 he had pleurisy with effusion, and in 1950, in a routine examination, calcified tuberculous 
foci were found scattered over both lungs, without active disease. In 1951 asbestos bodies were 
found in the sputum, and severe symptoms occurred in the chest and back. In 1952 fresh infiltra- 
tion in the lungs, with hemoptysis, occurred, and later leptomeningitis supervened, with tubercle 
bacilli in the spinal fluid, and the patient died with cachexia. 

Autopsy showed tuberculous disease of the lumbar spine, with bilateral psoas abscess and 
mixed infection in both lungs. Asbestosis, Stage II, was found in the lungs with diffuse fibrosis ; 
there was slight asbestosis in lymphatic nodes, and asbestos bodies were found in the spleen. 
On the peritoneum of the mesentery and over the peritoneal cavity there were thickened patches 
and many small nodules from a pin head to a millet seed in size; a flat tumor, half the size of a 
hand and 1 cm. in thickness, was attached to the peritoneum on the under surface of the 
diaphragm. The results of the histological examination of the tumor are fully described, illus- 
trated, and discussed; no typical asbestos fibers or asbestos bodies were found after careful 
search, but asbestos was found in the tissues of the tumor by x-ray diffraction examination. It 
is uncertain how the asbestos reached the peritoneal cavity; the most probable route was thought 
to be by direct penetration by the asbestos fibers from the lung through the pleura and thence 


through the diaphragm. E. L. Mippieton [Butt. Hye.]. 


OxyYGEN PRESSURE IN RELATION TO OXYGEN SATURATION IN CHRONIC LUNG DISEASE, WITH 
SPECIAL REFERENCE TO SiLicosis. F. Frrenorr and K. Karrascu, Beitr. Silikose- 
Forsch. No. 26, pp. 1-79, 1954. 


This is an account, published by the Silicosis Research Institute of the German Mining 
Association, of some work done at the hospital clinics of that Association in Bochum. The 
research here described is the first of a series of studies to be published on the pathophysiology 
of silicosis, which it is considered will be of importance not only with regard to silicosis but 
also of general value as contributions to the knowledge of pulmonary and cardiac function. 
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There is here a full description, together with tables of results of experiments, diagrams, and 
x-ray photographs, of the research conducted by modern techniques on 228 persons. Arterial 
punctures were done 263 times, and 628 determinations of oxygen pressure and 840 of oxygen 
saturations were done, together with 166 continuous oxymetric measurements. In eight patients 
the pressure in the puimonary artery was determined by means of the Cournand catheter. 
Oxygen pressures were measured by the “Hamoxytensiometer” (Bartels and Laue) and oxygen 
saturation by means of the “Hamoreflektor” and “Zyklop” after Brinkman. 


Among some of the results of the research are the following conclusions: (1) In severe 
silicosis there is frequently a lowering of oxygen pressure and saturation which is due to the 
shrinking of the lung and the compensatory emphysema which follows; (2) oxygen inhalation 
experiments enable differentiation to be made between hypoxemia of short duration and the 
hypoxemia due to difficulties in the absorption of oxygen, and (3) oxymetric-ergometric experi- 
mental results permit a distinction to be made between left-sided heart lesions in which there 
is a lowering of oxygen saturation and pure primary respiratory insufficiency in which no such 
diminution occurs. M. E. Detarrecp [Butt. Hyc.]. 


IsOLATION oF LuNG Dust aNnp Its Properties. K. THoMmas and 
Silikose-Forsch. No. 28, pp. 1-30, 1954. 
After 


workers, 


H. STEGEMANN, Beitr. 


a review of different methods of isolating mineral dust and coal from the lungs of coal 
a new technique is described, which consists essentially in heating the dehydrated and 
largely degreased lung with a large excess of anhydrous formamide at 135 C until all tissue 
material is gone into solution without production of insoluble humic material. The results are 
expressed as percentages of dry lung. A detailed description of the process is given. 


Calcifications are not dissolved by the formamide. The dust from a number of silicotic lungs, 
mainly of coal miners, was isolated by this technique. Size distribution of several of the dusts 
was measured with the light microscope, and most particles were found to be below 1a. 

Quantitative results for 40 lung analyses are given. The total dust expressed as percentage 
of dry lung varied between 3% and 34%. For silicosis Stage 3 the range was from 4% to 34%. 

Iron and total silica were determined in a number of cases, and in general it was found that 
the silica percentage tended to be inversely related to the dust percentage. 


The amount of coal found varied between 20 and 100 gm. in both lungs. This is stated to be 
more coal dust than had previously been assumed to be present in lungs of workers in the Ruhr. 


Attempts to separate the mineral and coal parts of the lung dust were in general unsuccessful, 
but small amounts of mineral dust with an ignition loss of 10% were obtained in one case by 
vibrating a suspension of the dust in a mixture of methanol and carbon tetrachloride. According 
to x-ray diffraction analysis, this mineral fraction contained 30% of quartz. It was injected intra- 
peritoneally into mice and produced silicotic nodules. 


Mineral analyses by x-ray diffraction were attempted, and the results suggested that a large 
part of the total silica occurs in an amorphous form. 
Attempts to isolate a coal fraction from human lungs for animal experiments are to be 


ontinued. J 
G. NaGetscumipt [Butt. Hye.]. 


Can CHEWING PREVENT SILIcCosIs? 


F. BrerIpENBACH, Beitr. Silikose-Forsch. No. 29, pp. 
53-64, 1954. 


The theory that people who chew tobacco or gum do not develop silicosis is based on the 
argument that chewing forces people to breathe through the nose and that the increased produc- 
tion of spittle binds the dust. Both explanations appeared unlikely to the author, who nevertheless 
decided to test the matter. In the course of radiological surveys of working coal miners, questions 


about chewing habits were asked. Of about 7000 men, only 10% admitted the habit of chewing 
tobacco. 


A statistical comparison of men who did with those who did not chew, corrected for equal 
working age, showed no significant difference in prevalence of various stages of silicosis, but 
chewers as a class were older men than nonchewers. 
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Dust isolated from chewing gum after its use by working miners was analyzed for size 
distribution. This showed a peak at 84 and only 17% by number of particles was below 5. 
Most of such dust is too coarse to enter the alveoli. 


It is concluded that chewing of tobacco or gum affords no protection against silicosis. 


G. NaGEtscumipt [BuLt. 


Dust HazarDs IN THE ENAMEL INpustRY. K. MeEurEs, Staub, No. 36, pp. 260-263 (June 15) 
1954. 

Vitreous enamels may contain between 20% and 80% of free or total silica, according to 
purpese. Fine dust may arise during the mixing of the enamels and their application to metal 
surfaces and in the preparation of these by sandblasting. Enamel spraying appears to be 
particularly hazardous. 

Improvements in conditions may be achieved by better ventilation and dust-extraction 
equipment, by use of respirators, and by segregation of dust-producing processes. Investigations 
of the silicosis hazard are made difficult because few workers remain long in one employment. 


R. L. Gorpon [But Hyc.]. 


Industrial Toxicology 


Hycienic AsPECTs OF FLUORINE AND Its Compounps. E. J. LarGent and KATHERINE W. 
Larcent, Am. J. Pub. Health 45:197-202 (Feb.) 1955. 


Organic and inorganic compounds of fluorine are being used in steadily increasing quantities. 
This has given rise to problems involved in the escape of fluorine compounds into the atmosphere. 
Both technical and legal controversies have developed from actual and alleged damage to crops 
and livestock, and there have been claims of personal injury. There is evidence that the present 
accepted standard of 1 ppm for elemental fluorine should be lowered to 0.1 ppm. Little is known 
about the toxicity of oxygen fluoride, but it appears to be more toxic than elemental fluorine. 
The discussion of inorganic fluorides includes the following: methods of analysis; effects of 
inorganic fluorine on vegetation, livestock, and man; effects of hydrogen fluoride; dental aspects 
of fluoride absorption, and removal of fluorides from air. Organic fluorides include (1) pharma- 


ceuticals, (2) refrigerants, (3) plastics, (4) economic poisons, and (5) miscellaneous compounds. 
Each of these is discussed briefly. Iwouser, tive. Decest 


CHLORINATED INSECTICIDES: Toxicity FOR MAN. Lemuet C. McGee, Indust. Med. 24:101- 
109 (March) 1955. 


In rare instances human poisoning by chlorinated insecticides has resulted from accidents or 
suicidal intent. The manifestations of such poisoning are acute and sufficiently dramatic to make 
the diagnosis obvious. The number of reported cases is remarkably small in view of the wide- 
spread use of insecticides and the human element of carelessness and disregard for the hazard of 
accidental poisoning. 

Treatment involves prompt removal of unabsorbed pesticide from the stomach or from the 
skin and control of the convulsions by adequate sedation (intravenously administered barbitu- 
rates). Recovery from poisoning, in the well-documented reports, has been prompt and has not 
been followed by any characteristic sequelae. No validated “chronic poisoning” type of illness 
has been recognized by the majority of physicians who have searched for that possibility. 

The chlorinated insecticides are skin sensitizers of a low order of frequency. The actual 
relationship, if any does exist, of these materials to bone marrow hypoplasia, collagen disease, and 


other poorly understood human ailments is unknown. Faom run Avurson’s Suwmany. 


STANDARDS FOR SAFEGUARDING THE HEALTH OF THE INDUSTRIAL WorKER. H. E. 
STOKINGER, Pub. Health Rep. 70:1 (Jan.) 1955. 


This excellent review article covers both the philosophical and the operational concepts of 
threshold limits. It describes how they were determined and for what purpose they should be 
used. The relative value of threshold limits for concentration of abnormal constitutents in the 
air and in body fluids is discussed, and an account of pretoxicosis tests is given. Some pro- 
phylactic and antidotal agents are described. 
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Toxicity oF CerTain LuBRICANTS, ENGINE O1Ls, AND CERTAIN OF THEIR CONSTITUENTS, 
WITH PARTICULAR REFERENCE TO THE PRODUCTS OF THEIR THERMAL DECOMPOSITION. 
J. F. Treon, F. P. CLeveLanp, and J. Capper, Technical Report 54-344, Wright Air 
Development Center, November, 1954. 


Di-2-ethylhexyl sebacate, di-sec-amyl sebacate, di-2-ethylhexyl adipate, and Formulations 
WS-2211 and PRL-3313, when given undiluted in a single oral dose to animals, are either 
slightly toxic or practically nontoxic. The esters and Formulations WS-2211 and PRL-3039, 
when maintained in contact with either the intact ov the abraded skin of rabbits for 24 hours, 
are practically nontoxic. Repeated applications of large doses of WS-2211 upon the skin of 
rabbits resulted in irritation. 


High concentrations of the mists of these substances were generally tolerated without 
untoward reactions. 


The highest tolerable dosage and the lowest lethal dosage for one or more species of animals 
exposed to fog of the thermal decomposition products formed from these materials at 700 F 
have been established and are expressed in terms of milligrams of the substance delivered into 
the Inconel furnace per liter of air passing through it. 


From tae AutHors’ ABSTRACT. 


INVESTIGATIONS INTO THE EFFECTS OF EXPOSURE TO TRICHLORETHYLENE IN MECHANICAL 
ENGINEERING. E. GRANDJEAN, R. MUNCHINGER, V. TuRRIAN, .P. A. Haas, H. K. 
KNOEPFEL, and H. RosENMuND, Brit. J. Indust. Med. 12:131 (April) 1955. 


Atmospheric concentrations of trichloroethylene in the vicinity of degreasing tanks in 24 
plants were found to range frorh 1 to 335 ppm. The average values were 59 ppm for open tanks 
and 23 ppm for closed tanks. 

Detailed clinical examinations were given 80 workers, 50 of them working with trichloro- 
ethylene at the time of examination. Among the latter group there appeared a relatively high 
incidence of subjective complaints, changes of the vegetative nervous system, and neurological 
and psychiatric symptoms. Statistical analysis of findings revealed a relationship between the 
frequency of nervous disorders and the degree of exposure to trichloroethylene. 

Simultaneous measurement of trichloroethylene concentrations in air and urinary concentra- 
tions of trichloroacetic acid gave an average ratio of trichloroacetic acid (milligrams per liter) 
to trichloroethylene (parts per million) of 3:1. The ratio range in most cases varied between 2: 1 
and 6:1. 

On the basis of their studies the authors recommend an MAC for trichloroethylene in air of 
40 ppm and an MAC for trichloroacetic acid in urine of 96 mg. per liter. 


K. W. NEtson, Salt Lake City. 


ACETYLCHOLINE PRODUCTION IN ANIMALS POISONED BY DIETHYL-p-NITROPHENYL PHOs- 
PHATE (PARAOxON). J. M. Barnes and Janet I. Durr, Brit. J. Pharmacol. 9:153-158 
(June) 1954. 


Paraoxon is a powerful cholinesterase inhibitor. Anesthetized rabbits given a lethal dose of 
Paraoxon can be revived by artificial respiration, provided that they have been given full doses of 
atropine beforehand. They then become insensitive to further injections of the same dose of 
Paraoxon. It was noted, however, that they remained very sensitive to the effects of acetylcholine 
(ACh) and that this sensitivity increased temporarily after each dose of Paraoxon. If death 
from failure of respiration after the first dose of ChE inhibitor is attributed to the action of 
excessive amounts of ACh in the brain or at other important sites, the insensitivity of the 
anesthetized rabbit to subsequent doses might result from a reduced ACh production in the 
poisoned animal. 


In the experiments described in this paper the blood level of ACh has been followed in 
anesthetized rabbits, dogs, and cats poisoned by Paraoxon and kept alive by atropine and short 
periods of artificial respiration. It was found that in the rabbit and the cat there is a progressive 
rise in the blood level of ACh if successive doses of the inhibitor are given. If no more inhibitor 
is given, the level falls slowly to about one-half in two hours. Cats and rabbits may die because 
of respiratory and circulatory failure despite atropine and artificial respiration. In the dog the 
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blood level of ACh rises, but not so far as in the cat or the rabbit, and the rise is not progressive 
after repeated doses of the inhibitor. The dog seems to become immune to Paraoxon, though 
it remains sensitive to injected ACh. The rate of fall of blood ACh in the absence of a further 
dose of the inhibitor is even slower than that which occurs in the cat or the rabbit. 

The blood ACh in the poisoned eviscerated cat rises progressively though more slowly than 
in the normal cat. It was also found that the ACh produced by the stimulated isolated rat 
diaphragm, in the presence of either Eserine or Paraoxon, remained steady over a number of 
successive periods of stimulation. 

These findings are discussed and an explanation is offered for them, together with the 
results obtained by other workers on this problem. J. A. Bonnet [Butt. Hye.]. 


KERATITIS AND Toxic NEPHRITIS AFTER INGESTION oF DiputyL PHTHALate. B. CAGIANUT, 
Schweiz. med. Wchnschr. 84:1243-1244, 1954. 


A healthy 23-year-old worker in a chemical factory swallowed a large tablespoonful of pure 
dibutyl phthalate (about 10 gm.) through mistaking it for a laxative. This was at midday. After 
the day’s work he felt ill with nausea and giddiness. A few hours later his eyes became inflamed 
and painful, with photophobia and lacrimation. Next morning he went to his physician and was 
admitted to hospital. On examination there was a diffuse edema and a finely granular haziness 
of the cornea on both sides. In a few hours extensive, central erosions had developed. Clinical 
investigation revealed the presence in the urine of considerable amounts of albumin and many red 
and white blood cells. Under treatment the patient made a rapid recovery and left the hospital 
after 14 days without any signs or symptoms of the poisoning. This appears to be the first case 

“4 of its kind to be recorded. M. E. Detarietp [Butt. Hye.]. 


CHANGES IN LUNG TISSUE WITH INTRATRACHEAL INJECTION OF MANGANESE Oxipes. E. N. 
Levena and FE. G. Ropacuevsky, Gig. i san No. 1, pp. 25-28, 1955. 


An account is given of the intratracheal injection of MnO, MnsO, Mn:Os, and MnOs in 
physiological solutions into young rats weighing 150 to 200 gm. The particle sizes ranged from 
lu and less (50%) up to 34. Some of the animals died quickly after the injection of the higher 
oxides. After injection of two samples of MnO: the animals died in 40 minutes to 20 hours. 


MnO MnaQ)y MneO0s3 
Dose, No. of No. No. of No. No. of No. No. of No. 
Mg. Rats Died Rats Died Rats Died Rats Died 
10 ne os 3 
20 5 0 + 2 ) 3 
0 10 8 Ww 2 10 $ 


After injection of Mn:O, the animals died in one to two days. 


All the oxides were found to be more toxic when freshly prepared than after 6 to 12 months’ 
. storage. Examination of lungs showed dark pigmentation of tissue, disturbance of circulation, 
congestion, hemorrhage, and emphysema. 


- Some of the animals which survived were injected again. After 7 and 11 intratracheal injec- 
tions of 10 to 20 mg. MnO, over a period of three and one-half to six months, changes in the 
7 alveoli were observed in two of the animals, consisting of macrophages with small black dots 


in the protoplasm. One rat showed nodules of epithelial cells, histiocytes, and fibroblasts, in the 
center of which wcre visible macrophages with dust particles in the protoplasm. 


Similar observations were made in six rats given three to five injections of 20 mg. MnO. 
over a period of one to four months and also in four rats subjected to three to nine injections of 
MnO: in doses of 0.5 to 20 mg. With three of the control rats subjected to 4 to 10 injections 
: of saline only, no change in the lung tissue was found, but with two others chronic bronchitis 
and bronchiectasis were found. 


From these experiments it is concluded that the intratracheal injection of saline solutions of 
manganese oxides into rats causes great changes in the lungs and tissue. MnO, and the 
higher oxides were the most toxic. The information obtained appears to indicate that the inhala- 
tion of manganese oxides may cause changes in the lungs and produce pneumoconiosis and pos- 


sibly other illnesses. H. Carrer [Butt. Hye]. 
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NOTE ON THE IMPORTANCE TO INDUSTRIAL MEDICINE OF Dusts CONTAINING VANADIUM. 
W. MassMAnw and H. Opitz, Arch. Gewerbepath. u. Gewerbehyg. 13:353-362, 1954. 


The authors report on the results of examinations of 64 workers exposed to dusts containing 
vanadium; of these, 56 were employed on the production of vanadium and 6 on manufacture. 
Vanadium has become indispensable as an alloy in the manufacture of certain steels, and it is 
used also as a catalyst in the chemical industry. The technology of the processes is described, 
and the literature on the toxicology of vanadium is reviewed. Estimations were made of the 
dust content of the air of the workplaces, and the particle counts and size frequencies are 
recorded, as well as the chemical composition of the dust. 


The ages of the workers ranged from 19 to 63; 40 were over 40 years of age, and 28 were 
over 50. Periods of exposure varied from a few months to 13 years; most were between 4 and 
7 years. More than half of the workers complained of coryza, especially from the slag dust and 
the metavanadate and vanadium pentoxide dusts; conjunctivitis was found among the cleaners 
of vessels. These symptoms were not severe at the time of the examinations. Irritation and 
dryness of the throat, cough with tenacious sputum, bronchitis, headache, weakness, and giddi- 
ness were complained of. Radiographic examination showed no signs of fibrosis of the lungs or 
chronic bronchitis, and the frequency of the occurrence of pneumonia was not raised. The 
conclusion reached as a result of the investigation was that dust containing vanadium had no 
substantially toxic action under the conditions found. That may have been due to the preventive 
measures taken at the factories to remove the dust by exhaust draft and to provide breathing 
apparatus for workers most heavily exposed. E. L. Mippteton [Butt. Hye.]. 


PHARMACOLOGICAL EFFECTS OF DissoLvED SriLica or Low anp HiGH DEGREE oF Poty- 
MERIZATION. W. LUHNING, Beitr. Silikose-Forsch. No. 28, pp. 31-49, 1954. 


In order to test the solubility theory of silicosis, experiments were first made to study the 
composition and stability of silica solutions in water and plasma. 

Aerosil, a pure form of amorphous silica, was used as starting material. It was found that, 
irrespective of salt concentration at pH 7, a limiting concentration of 10 to 12 mg. SiO-/100 ml. 
was reached after a few days for ammonium-molybdate-reactive (AMR) silica. Any excess 
silica was polymerized. This level of 10 mg. SiO2/100 ml. was reached when starting with higher 
or lower concentrations of AMR silica. (Such low concentrations can be obtained temporarily 
by dilution of equilibrated solutions containing excess polysilicic acids.) 

Rabbit lung tissue slices were tested in a Warburg apparatus for oxygen uptake after they had 
been perfused for 30 minutes with silica solutions of different strengths. A reduction in oxygen 
uptake was found, but as it amounted to only 509% for a solution of 1000v/ml. and 25% for a 
solution of 107/ml., this was not believed to be a specific enzyme inhibition but rather a general 
effect of polysilicic acids on lung proteins. 

Dilution series of plasma and polysilicic acid solution showed precipitation, and the same 
amount of precipitate was obtained whether plasma or silicic acid was in excess. The amount 
of precipitated material was found to be independent of the total volume used. 

AMR silicic acid did not precipitate protein within the limits of 5y to 1007v/ml. SiO.. Poly- 
silicic acid was found to preciptate erythrocytes, and a dilution series containing from 5y to 
8007/ml. SiOz showed maximum precipitation at the center and no precipitation at either end. 
This is explicable as an electric charge effect, the silica and erythrocytes carrying opposite 
charges. All silica-treated erythrocytes showed deformation under the microscope. 

Polysilicic acid in concentrations above 107/ml. was also shown to cause vasoconstriction 
and to reduce sensitivity toward histamine (rabbit ear) and, at somewhat higher concentrations, 
to kill sticklebacks. 


The rate of solution of AMR silica is higher in plasma than in water, and the same may be 
true for polysilicic acid. 
It is concluded that polysilicic acid inhibits function or damages tissues, whereas monosilicic 


acid appears to be inactive at similar concentrations G. Nacetscumit [Butt Hye.]. 
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REACTIVITY OF FINELY GrouND Quartz. C. CLarys and E. QurNot, Staub, No. 37, pp. 390- 
403 (Sept. 15) 1954. 


Experiments were carried out on solutions prepared by dissolving, in distilled water, the 
surface layers of finely ground quartz and of silica. Optical, electrical, and chemical properties of 
the solutions were investigated, and their visible and ultraviolet absorption spectra examined. 
Anomalies in the quartz spectra are attributed to carbon dioxide. The CO: content of the solu- 
tion, estimated by Van Slyke’s method, was greater than could be accounted for by CO: dissolved 
in the (distilled and outgassed) water used in the experiments. The abnormal reactivity of 
finely ground quartz particles is ascribed to the presence of CO: in the shape of COOH groups 
forming a complex with silica. It is claimed that several biological effects of fine quartz may be 
explained by means of this hypothesis. [It appears that the ordinate scales of Figures 3-5 of 
this paper should be “transmission” and not “absorption” as printed.] 


R. L. Gorpon [Butt. Hya.]. 


INDUSTRIAL MERCURIAL PorsontnG. P. and H. Neubert, Zentralbl. Arbeitsmed. u. 
Arbeitsschutz. 4:129-137 (Sept.) 1954. 


This paper describes an inquiry which was undertaken because of the occurrence of one 
definite and several suspected cases of mercurial poisoning in a factory where thermometers 
are made. The investigation included the following: (1) a study of the processes in use and of 
the conditions of work in the factory; (2) chemical determinations of the amount of mercury 
in the air of the factory rooms and in the urine of the workers; (3) a clinical examination of 
120 workers in the industry, and (4) a consideration of the safeguards that should be adopted. 
A general account is given of mercurial poisoning and of the techniques used in the chemical and 
clinical examinations. 

The amounts of mercury in the air of different rooms varied widely, from a minimum of 
157 to a maximum of 2937 per cubic meter, and it is noted that recent American work advocates 
that the limit should be 0.1 mg. (1007) per cubic meter. A wide range in urinary mercury was 
also observed—in 84 samples the average amount was 31.677 per liter, with extremes of 7.6 
and 67.82. At the clinical examination it was found that about 50% of the workers were suffering 
from or gave a history of stomatitis. A common complaint of 20% to 25% of the workers was 
headache, particularly frontal headache, which came on mostly toward the end of the day’s work. 
Among these 120 workers two manifest cases of chronic mercury poisoning were found. Recom- 
mendations are made in regard to the construction and ventilation of workrooms, improvements 
in the technique of the processes in use, control of hours of work in certain parts of the factory, 
and the securing of a higher standard of care and cleanliness on the part of the workers. 


M. E. [Butt. Hye.]. 


Environmental Conditions 


Atr-ConDITIONING NoIsE ContTrov. CARLYLE M. AsHLEy, Noise Control 1: No. 2 (March) 
1955. 

. Air conditioning allows working and living spaces to be closed off from exterior noise 
5 sources. However, handling large volumes of conditioned air can also create noise. The relation 
between equipment noise, noise of aerodynamic origin, and the room function and noise back- 
ground are discussed. Preliminary air-conditioning noise criteria are presented. 


From THE AuTHor’s SUMMARY. 


CLEAN AIR FOR CALIFORNIA. Report of Department of Public Health, State of California, 


1955. 

= With statistical facts based mainly on the Los Angeles County air-pollution studies, this 
= bulletin is designed for public consumption, and it can be well said that it is a “progress report.” 
‘ The authors were sent out to accomplish a mission and have done so in a workman-like manner. 
: The explanations of the term air pollution and the relation to public health are adequate. 


The charts and tabular results are those already found in the technical literature. 


WILLIAM L. Avrett, Boston. 
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PRESENT PROBLEMS OF MuNicIPpAL HyGIENE: I. Noise, Irs CAusATION AND EFFECTS ON 
Man. E. EFFenBERGER, Arch. Hyg. 188:533-558 (Nov.) 1954. 


This is a long and largely technical article on noise and its effects. It first gives scientific 
description and comparison of the measurements of noise by phon and decibel, and then it 
records the intensity in phons of a number of noises met with in industry and ordinary civil 
life. The subjective and objective effects of noise on man and also the local and systemic effects 
are described, with reference to publications on this subject. A short account is given of the 
characteristic noises of certain industries. Particular description is then accorded to the special 
problems of noise as they exist in different parts of the city of Hamburg. Diagrams show the 
measured intensity of traffic noises at different times of the day. Noises of intrinsic origin in the 
home are also discussed. There is a long statement of the most important laws and regulations 


which are in force for the control of excessive noise. . 
M. E. Devarietp [Butt. Hye.]. 


Determination of Air-Borne Contaminants 


ELECTROSTATIC SAMPLER FOR Dust-LapEN Gases. G. L. RouNnps and H. J. Maror, Analyt. 
Chem. 27:829 (May) 1955. 


An electrostatic sampler has been designed, which will collect up to five times the weight of 
dust collected by conventional electrostatic samplers. The device uses a commercially available 
high-voltage source. The collecting surface is in the form of a truncated cone for more uniform 
dust deposition. The unit can be disassembled in a few seconds for cleaning. 


From THE AuTHoRS’ SUMMARY. 


QUANTITATIVE RESULTS OF Dust CoAGULATION WHEN UstING AEROSOLS UNDERGROUND IN 
A Coat Mine. L. DautrReBANpDE, H. BECKMANN, and W. WALKENHORST, Beitr. Silikose- 
Forsch. No. 31, pp. 1-27, 1954. 


The paper describes dust measurements taken with and without the release of a salt aerosol! 
which had previously been shown to be effective in laboratory experiments. The aerosol consisted 
of 5% and later 2% sodium chloride solution released at the rate of 800 to 900 cc. per hour from 
each of 10 generators. Measurements were taken at distances of 15, 120, and 270 yd. down-wind. 
Average ventilation was 160 cu. m. per minute, but as the cross section of the roadway is not 
given, the air speed cannot be assessed. 

Dust sampling was done with the Midget Scrubber D21, with a thermal precipitator and with 
another thermal precipitator fitted with a sedimentation tube designed to give a cut-off at 3x. 

The incoming air was continually monitored for total and fine dust with the aid of a Tyndal- 
lometer. 

It was found that the dust was coarser in the presence than in the absence of aerosols, 
although in terms of milligrams per cubic meter there was often a slight increase in total dust. 

The peak in particle number was shifted from 1l« to about 3«. Most of the results are shown 
in the form of cumulative size distributions. Microphotographs illustrate the presence of fine 
dust inside salt crystals. A small effect found experimentally is finally made to look very 
impressive by operating with a lung retention curve, in which retention drops from 100% 
at 0.8 to 15% at 54. The authors thus come to the conclusion that more than two-thirds of 
all respirable particles present are converted into nonrespirable aggregates by the process. 


G. Nacetscumipt [Butv. Hyc.]. 


ANALYsIs OF LuNG Dusts: I. THE MICROANALYSIS OF SILICA IN Dust SAMPLES CONTAINING 


Quartz AND Sivicates. H. STEGEMANN and J. Fitzex, Beitr. Silikose-Forsch. No. 31, 
pp. 29-40, 1954. 


The paper deals entirely with analytical chemistry. It is demonstrated that colorimetric silica 
determinations in the range of 40 to 180vy SiO, in 100 ml. solutions can be carried out with an 
error of +0.4% and with a slightly greater error for lower silica concentrations. Thus the 
method is comparable in accuracy to gravimetric techniques for similar amounts. 

Great attention is paid to purity of reagents; redistillation of water from a copper still after 
standing with aluminum oxide gives water with less than ly SiOz in 100 ml. The purification 
of HF is also described in detail. 
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The molybdate blue technique, with 1: 2:4 amino naphthol sulfonic acid as reducing agent, is 
used, and in routine operation fluoric and boric acids are added to keep all silica in a reactive 
form. 


The removal of iron and phosphate by ion exchange is of particular interest. 


G. Nacetscumipt [Butt. Hya.]. 


CONTRIBUTION TO OUR KNOWLEDGE OF THE ELECTRICAL PROPERTIES OF COARSE COLLOIDAL 
AEROSOLS. W. Jutzi, Staub, No. 36, pp. 165-212 (June 15) 1954. 


Although much is known about the electrical charge of colloidal particles in liquid systems, 
there is little known about number and sign of charges in aerosols. 

The author first reviews existing knowledge (relation of charge to origin of system and the 
techniques available for determining the charge). He then describes the apparatus he was using, 
a modified ultramicroscope arrangement where the particles fall under gravity and are deflected 
sideways by a vertical electric field. Photographic registration was used, and from the records 
it was possible to determine size and charge of individual particles. 

The materials examined had a size range of 0.34 to 34 and were quartz and anatase powders, 
hexadecane droplets, and particles of ammonium chloride produced by mixing the vapors of 
hydrochloric acid and ammonia. All materials were suspended in normal, dry laboratory air. 

The quartz powder was found to be bipolar, i. e., it carried equal amounts of positive and 
negative charges, and 95% by number of the particles were charged. The number of charges per 
particle was proportional to the surface and corresponded to 1108 electrostatic units per 
square centimeter. 

In the anatase powder there were more positive than negative particles, irrespective of size. 
With the hexadecane, 93% of the droplets were uncharged and the remainder were bipolar. 
Most of the charged droplets carried only one charge each, irrespective of their size. The 
ammonium chloride also was initially uncharged, but a symmetrical bipolar charge was rapidly 


obtai the sol was allowed to age. 
obtained when the aerosol was allowed to age G. Nacetscuaipr [Butt. Hye.]. 


Dust Microscopy witH MEMBRANE Fitters. H. J. Ernpropr and K. H. Marer, Staub, No. 
36, pp. 264-270 (June 15) 1954. 


Membrane filters may be made transparent with liquid of appropriate refractive index, and 
after special preparation (of which details are given) they are suitable for gravimetric work. 
The authors claim as advantages over previous methods the smaller amount of sample needed, 
the good adhesion of sample to membrane (even if oil immersion is used), better dispersion of the 
sample, and modest equipment costs R. L. Gorvon [Butt. Hya.]. 


Dust SAMPLING WITH A SOLUBLE AND VOLATILE FILTER Paper. A. P. Avy, Staub, No. 37, 
pp. 372-381 (Sept. 15) 1954. 


The filter material is a mixture of tri- and tetra-chloronaphthalene, which melts at 85-90 C, 
boils at about 300 C, is easily soluble in benzene, carbon tetrachloride, ether, and acetone, but is 
completely insoluble in and unwetted by water. In commercial form it may contain up to 25 ppm 
of dust and must be distilled before use as a dust-sampling material; techniques are described 
for its distillation and for the preparation of filters. Brief details are given of a suitable routine 
sampling instrument. Samples may be evaluated gravimetrically, chemically, or by direct particle 
counting. The filters are mechanically strong and have a high and quantitative efficiency of dust 
collection for particle sizes greater than 0.5u. R. L. Gorvon [Butt. Hyc.]. 


Accidents and Their Prevention; Protective Equipment 


Coat Mines Act, 1911: REGULATIONS AND ORDERS RELATING TO SAFETY AND HEALTH. 
Ministry of Fuel and Power, H. M. Stationery Office, London, 1953. 


This volume is divided into four main parts. The first sets out the various amendments 
of the Coal Mines Act, 1911. There are amendments of 31 sections of the Act and of a schedule 
concerning the care and treatment of animals. The second part gives the general codes of 
regulations of 1913 and 1920 and a variety of other regulations, many of which are concerned 
with safe working or the maintenance of health. Part three gives the regulations as to statutory 
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qualifications for mine officials. The fourth part gives lists, corrected to the end of 1952, of 
equipment and devices approved under the Coal Mines Act, 1911, or the Regulations and Orders 
made under that Act, and of certain kinds of certified apparatus. Finally there is a memorandum 
on the storage of explosives at mines. 


Among the newer regulations are the Coal Mines (Lighting) General Regulations, 1947. In 
all mines it is required that at definite parts of roadways, loading points, and machinery spaces 
the roof and sides shall be effectively whitened. At all times when persons are working or passing, 
these places must have sufficient and suitable general lighting, free of glare. Where safety lamps 
are used, haulage hands must have electric cap-lamps. At the end of any working shift the 
lighting performance of safety lamps, sampled and tested in a prescribed manner, must reach a 
prescribed level. Electric lighting from a source of electric power external to the lighting unit 
may be used on roadways with certain reservations, but the pressure must not exceed 250 volts, 
and there are specifications as to earthing. Electric lighting apparatus within 300 yd. of a 
coal face must be of approved type if hazardous quantities of inflammable gas are likely to occur. 

The approved or certified appliances include the following: drills for dust suppression, dust 
traps, and dust-allaying devices; various electrical circuits and apparatus; explosives and shot- 
firing apparatus; firedamp detectors; approved safety lamps, flame-lamp glasses, pyrophor 
relighter bars, lamp-bulb ratings and other electric lighting apparatus; Diesel and storage- 
battery locomotives, methanometers; safety hats; breathing apparatus and smoke helmets, and 


some articles authorized to be taken below ground. - 
THomas Beprorp [Butt. Hy6.]. 


Legal Medicine 
MALINGERING OF DearNness. L. W. Pratt, J. Maine M. A. 46:43 (Feb.) 1955. 


Hearing impairment due to acoustic trauma associated with employment is now a compensable 
injury in many states. The importance of this development in the compensation courts empha- 
sizes the necessity of exposing malingerers of hearing, because they constitute a real menace 
to this entire compensation problem. Those claiming impaired hearing must be evaluated as to 
the validity of their deafness to eliminate those who make such claims falsely. 


Preemployment hearing tests should be performed by all industries which engage workers 
in labor in high-intensity ambient noise, and these tests should be performed in such a way that 
any attempt to misrepresent the hearing at this examination will meet with failure. 

The clever person with known hearing defect may be able to slide by the screening with a 
normal result. If he then appears at some later time with a genuine hearing defect which was 
present at the time of the first test but passed unnoticed, he has proof of the existence of 
acquired deafness secondary to employment. This danger makes it imperative that such screening 
tests be performed with the greatest of care and that the tests be carried out in such a way that 
this sort of misrepresentation cannot occur. Every person tested in preemployment examinations 
should be subjected to some sort of malingering testing. 


The patient should be unable to see the controls of the audiometer while the test is in 
progress. Certain points on the audiogram should be checked for inconsistencies. The use of 
the “off” control of the audiometer should be utilized to mislead the subject and test his ability 
and/or willingness to respond to only the auditory stimulation. Every test should be rechecked 
for accuracy. 

3ilateral severe deafness is a type which can be most successfully malingered, because all 
depends upon the ability of the examiner to obtain some overt response from the subject which 
will be a direct admission of his ability to hear. 


The author outlines several methods that can be used to expose the malingerer. 


Heart DisEASE IN MASSACHUSETTS IN RELATION TO THE WORKMEN'S COMPENSATION ACT. 
R. J. Crark, E. S. Tousant, and H. B. Spracue, New England J. Med. 252:478 
(March 24) 1955. 


In 1951 nearly one-third of death claims granted in Massachusetts under the Workmen’s 
Compensation Act were for heart disease. One result of these awards is that industry has become 
increasingly wary of employing cardiac patients, and the possibility of rehabilitating and 
resettling them in employment has in consequence become greatly reduced. 
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Compensation under the Act covers personal injury, which is defined as any injury to the 
body or mind, direct or indirect and arising out of or in the course of employment. It includes 
disease as well as accident and also the aggravation of preexisting disease. 


The authors quote a series of interesting cases in which the patients with cardiac disease have 
been awarded compensation—the first one in 1914 when a man with valvular heart disease died 
following severe exertion and the last, a case decided in 1951, when a man died of heart disease 
after conducting an unpleasant interview in the course of his work. As they trenchantly write: 
“Now, indeed, employment of itself appears to constitute an injury. Giving a man a job seems 
to be the equivalent of doing him, physically, a disservice.” Various suggestions for overcoming 
this medical-judicial impasse are discussed. The one most favored by the authors is to remove the 
degenerative diseases from the field of the Workmen’s Compensation Act and to provide cover 


for these conditions by means of a group insurance plan Joun Pemperton, Boston. 


WorRKMEN’S COMPENSATION PROBLEMS: PROCEEDINGS OF THE INTERNATIONAL ASSOCIATION 
or INDUSTRIAL ACCIDENT Boarps AND Commissions. Bulletin 180, U. S. Department of 
Labor, Bureau of Labor Standards, 1954. 


The proceedings of the convention of the International Association of Industrial Accident 
Boards and Commissions are now available from the United States Department of Labor. In 
addition to the committee reports and discussions, this bulletin includes many excellent papers 
by prominent workmen’s compensation officials and outstanding medical men. “Adequacy of 
Workmen’s Compensation,” “Rehabilitation of Injured Workers,” “Noise in Industry,” and 
“Principles and Methods of Expediting Hearings and Settlement of Claims in Contested Cases” 
are among the topics considered by panels at this convention. An address by Under-Secretary of 
Labor, Arthur Larson, on “The Future of Workmen’s Compensation” is also included. 

A limited free supply of this publication is available from the Bureau of Labor Standards, 
U. S. Department of Labor, Washington 25, D. C. Sales copies may be purchased from the 


Superintendent of Documents, Government Printing Office, Washington 25, D. C., at 65 cents 
each. 


Radioactive Substances and X-Ray 


FILTRATION OF RADIOACTIVE AEROSOLS By GLaAss Fipers. A. G. BLASEWwITz and B. F. 
Jupson, Air Repair 4:223 (Feb.) 1955. 


In order to design fixed bed filters to be used to clean the air from process cells, a study of 
the suitability of glass fibers was undertaken. The following criteria were to be used for the 
final design: (1) a collection efficiency of 99.99% for submicron particles; (2) a minimum 
initial flow resistance commensurate with the desired efficiency; (3) a minimum maintenance 
problem; (4) a life expectancy in terms of years, and (5) containment of the collected radio- 
active wastes in a manner to avoid a later disposal problem. 


To facilitate the progress of the study and to aid in obtaining full-scale design parameters, 
the authors have used the following relationship 


= 1—10-"F 
where 
c is the over-all collection efficiency. 
DF is the decontamination factor. 
Further 
DF =C L#p,» Ve 
where 
C is a constant of proportionality. 
L is the filter depth. 
Py is the packing density of the glass fiber. 
V is the filter face velocity. 


a, b, and c are experimentally determined constants. 
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The article lists the values for C, a, b, and c found for several types of glass fibers. 

A further study was carried out to determine the pressure drop of the glass-fiber beds. The 
relationship 

A,= K L* 

was used where K, x, y, and z are constants evaluated experimentally and the other symbols are 
as before. Values of the constants for the pressure drop equation are given for several types of 
glass fibers. 

Using the parameters developed in the study, a glass-fiber bed was built that has been in con- 
tinuous operation for two and one-half years. Its life expectancy is estimated to be of the order 


of 15 years, and to date all criteria requirements have been met. W.. Th, Sieses. .Wiseten 


Sratus oF LenticuLar Opacities Causep sy Atomic Raptration. R. M. Stnskey, Am. J. 
Ophth. 39:285-293 (March) 1955. 


The Atomic Bomb Casualty Commission has made an intensive study of 3700 exposed and 
nonexposed Japanese in the Hiroshima and Nagasaki areas between May, 1951, and December, 
1953. The author presents evidence that the human lens is extremely sensitive to nuclear radia- 
tions. Mf 425 survivors in Nagasaki, between 400 and 1800 meters from ground zero, 47% 
showed lenticular changes thought to represent the earliest persistent sign of radiation injury and 
therefore important in terms of dosimetry. Such changes were commonly found in exposed 
persons not known to have shown any other early or late evidence of radiation damage. 

These inconspicuous changes in the lens are a relatively nonspecific type of reaction to injury 
and have previously been interpreted as normal under most conditions. Usually visible only by 
slit-lamp examination, the lesions take the form of axial posterior subcapsular plaques as com- 
monly seen in older persons after the fifth decade of life. However, statistical studies showed these 
opacities to be very much commoner in younger exposed persons than in a comparable control 
group, and their incidence correlates with epilation, protective shielding, and distance from 
ground zero. Observed over a four-year period, these opacities increased very little, if at all, 
and have resulted in negligible loss of vision to date. For this reason the term cataract has 
been studiously avoided in this survey, since it connotes severe loss of vision. 

It is suggested that such lenticular changes may prove useful as a means of recognizing the 
earliest signs of radiation injury in employees exposed to radiation hazards. Preemployment 
screening examinations may be valuable in providing base-line information. 


H. D. Estes, Boston. 


EpucaTion Rapiation Protection [JANEwAy Lecture, 1954]. Laurtston S. Taytor, 
Am. J. Roentgenol. 73:193-202 (Feb.) 1955. 


The responsibility of the radiologist not only to learn the science of radiation protection but 
to put the problem of radiation protection into proper perspective with relation to society is 
stressed. The significance of the education of the public in radiation protection and the potential 
dangers of radiation are discussed. Educational and training requirements designed to assure the 
young radiologist maximum advantages of our present knowledge of radiation are reviewed. 
Methods of instruction in radiation protection, radiation monitoring procedures, and the role of 


sats elation i iati ) ion discussed. 
radiation legislation in radiation protection are discus NucLear Sc. ABst. 


ADMINISTRATIVE PROBLEMS IN RADIATION Protection. IrvinG R. TABERSHAW and Saut J 
Harris, Nucleonics 12:8-13 (Dec.) 1954. 


In the light of new legislation and wider application of radiation, health and safety regulations 
on federal, state, local, and industrial levels are reviewed. Existing codes are analyzed, and items 
essential to formulation of effective radiation protection codes are suggested. 


Nuc ear Sc. Asst. 
Size DIstTRIBUTION OF PARTICLES PRODUCED By Fission Propucr Source Pitot PLant. 


J. J. Frvzcerap and C. G. Detwicer, Knolls Atomic Power Laboratory, Contract W-31- 
109-eng-52 (KAPL-1232), Nov. 11, 1954. 


An analysis of the size distribution of the tracer product which was produced by the Fission 
Product Source Pilot Plant was characterized by a geometric mean size of 0.0144 and the geo- 
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metric standard deviation of 2.44. The particle-size distribution was made by using a light and an 
electron microscope. Autoradiographic studies indicated that the largest portion of the activity 


was emitted by the particles less than 0.1 in size. Wuerwan Sc. Aner. 


Rapon Exposure UNIT FoR SMALL ANIMALS. DoNALp A. MorKEN, Atomic Energy Project, 
University of Rochester, Contract W-7401-eng-49 (UR-307), Dec. 6, 1954. 


A respiration apparatus has been designed and constructed in which small animals may be 
exposed to an atmosphere of radon which is essentially free of the decay products of radon. A 
high degree of control over the radon atmosphere is possible. Ten milligrams of radium in solu- 
tion supply a maximum concentration of radon of 2.7:10-4 c/l. Exposure duration is limited only 
by the frequency at which food and water must be replenished and the animal cage cleaned. 


NucLEAR Sc. Asst. 


INVESTIGATION OF SAMPLERS FOR THE COLLECTION AND CLASSIFICATION OF RADIOACTIVE 
AIRBORNE PARTICULATE MATERIALS: PROGRESS REPORT. Mines Safety Appliances Co., 
Contract NOssr-57527, Task No. 6, (NP-5423), Apr. 9, 1954. 


The objective of this investigation was the design, construction, and testing of prototype 
samplers which would collect all particles in a dust cloud and would separate the particles into 
fractions representative of those collected in the upper and lower human respiratory tracts. 
This report describes three samplers and gives the results of tests made with them. In all three 
devices impingement was used to collect the larger particles. In two of the samplers, the 
remaining air-borne particles were collected by thermal precipitation, while filtration was used 
in the third. The results presented indicate that the samplers performed the desired separation. 
Methods for using samplers in determining the relative radioactivity of various size fractions 


of dusts are suggested. NucLEAR Sc. Asst. 
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Human Factors in Highway Transport Safety. By Ross A. McFarland and Alfred L. 
Moseley. Price, unknown. Pp. 295. 


Harvard School of Public Health, 695 Huntington 
Ave., Boston, 1954. 


This is a report on a major research program in the field of highway transport safety. Two 
companion pieces have preceded the present volume—one a manual for vehicle designers con- 
cerned with human limitations and capabilities, and the other an evaluation of 12 current truck 
models from the standpoint of human engineering. A fourth report in the series is to be a 
study of the literature in the field on the subject of human variables in vehicular accidents. The 
total project has been supported by the American Trucking Associations, National Association 
of Motor Bus Operators, National Association of Automotive Mutual Insurance Companies, 
and Commission on Accidental Trauma of the Armed Forces Epidemiological Board. 

The present volume deals with the subjects of driver selection, human maintenance, human 
factors in the design of equipment, and, finally, vehicular operation and accidents and includes 
a substantial bibliography, a glossary of terms, and an index. 

The driver-selection section reviews psychological testing procedures now used and makes 
certain suggestions for improvement, including the need for relating tests to job requirements. 
The discussion does not present much new information but does contain a good summary which 
points out that the tests to date have not produced very much in the way of results. The thesis 
that a man “drives as he lives,” developed by Tillman, is accepted as the best basis for studying 
accident repeaters. 

A medical program is suggested and outlined. The possibility of detecting accident proneness 
through study of a history of traumatic events is proposed. A discussion of the maintenance of 
physical fitness is presented, containing some interesting comments on the effects of tobacco on 
night vision. The reduction in oxygen 


after smoking is reported to produce an effect similar 
to that of high altitudes. 


The fatigue factor is discussed at some length, with skill fatigue cited as a particularly 
important problem. Several studies of the effects of fatigue are reported, and a simulated driving 
test and observations of drivers on the road are described. Emphasized is the need to control 
operational fatigue through scheduling, encouragement of proper rest, and medical help. 


The report points out the need for advance analysis to help vehicle design. Needcd are 
(1) an operational job analysis, (2) a functional concept of accidents, (3) an awareness of human 
limitations, and (4) a margin of safety. Presented is an interesting chart of limits for physical 
variables, affecting comfort and safety, including vibration, noise, carbon dioxide, carbon 
monoxide, humidity, ventilation, heat, and cold. Interestingly enough is the absence from the 
chart of deceleration, although acceleration is included. 

Perhaps the most interesting part of the report presents a procedure for evaluating a vehicle 
in terms of human requirements. Measurements were made of 360 drivers and tabulated. A 
mock-up of a cab was made to determine the best design. Sixteen vehicles were evaluated ; 
two are fully reported in the report. Finally, a check list was prepared for vehicle designers. 
Notably unsatisfactory designs were found in 1950-1951 vehicles, including the high concentration 
of carbon monoxide in all closed cabs with engines idling for 15 minutes. 

Another chapter presents a study of driver activities in normal operations, including observa- 
tions of driver errors. The latter were classed as those of manipulation, perception, maneuvering, 
or inattention, with the latter two predominating. A study of near accidents indicated that these 
are closely related to the personality and physiological condition of the driver. This material 
would seem to hold much of value for fleet training programs. 

An analysis of 258 collision accidents of a truck fleet is presented as an epidemiological 
approach to the traffic-accident problem, involving factors of environment, host, and agent. 
The analysis results in some recommendations for accident prevention—chiefly the need for better 
rear vision and no increase in present vehicle lengths. In this analysis the analyst shows his 
unfamiliarity with conventional accident analysis and produces some naive recommendations, 
such as one for traffic signals at all intersections with more than two lanes, and a prohibition on 
turns from the wrong lane. 
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The volume, as a whole, represents a most constructive report which will be of considerable 
interest and value to the traffic-safety field. 


Davip M. BaLpwin, Chicago. 


Sandoz Atlas of Haematology. Second edition. By E. Undritz, directed by Prof. E. Rothlin, 
of Sandoz Research Laboratory. Price, $7.00. Pp. 91, with 256 illustrations. Sandoz, Lid., 
Basel, Switzerland; in U. S. A.: Sandoz Blood Atlas, 68 Charlton St., New York 14, 
¥., 3952. 

This is the second edition of the “Sandoz Atlas of Haematology” published in French, 
German, English, and Italian. (The first edition was published in 1949 in French and German 
translations.) 

The preface states that this Atlas is intended for the “modern physician” rather than for the 
specialist. There is a wealth of information supplied and careful organization of the data. This 
reviewer wonders how often the Atlas will be used by the practitioner because of the inclusive- 
ness which prevents easy access to the usual. The bizarre anomaly which has acquired one or 
two authors’ names in its title carries as much weight and emphasis in this volume as dyscrasias 
more frequently seen. 

However, the Atlas of Haematology will prove a most excellent source of reference. It is 
divided into three sections. Part I includes “a brief account of the basic principles of hematology,” 
plus description of techniques of preparing, staining, and recording blood and bone marrow films. 
Part II describes groups and species of blood cells and their development. The third and final 
section illustrates in color normal and pathological preparations of peripheral blood and bone 
marrow. The reproductions are excellent. In summary, this Sandoz presentation will prove 
a helpful addition to any medical library in spite of the weakness of a work that compresses, 
classifies and includes so very much detail. 


Harriet L. Harpy, Boston. 


Wiederherstellung der Lebeustiichtigkeit Geschadigter Menschen. By Hans Hoske. 
Price, $3.80. Pp. 217. Georg Thieme Verlag, Stuttgart, Germany; International Medical 


Book Corp., New York 16, 1955. 


After a short outline of the problem and a definition of rehabilitation and its social and 
economical importance, the author discusses the general principles which have to be considered 
in this procedure and the special problems which have to be solved in the readjustment of 
patients of different ages and professions suffering from various types of injury and diseases. 
This is followed by a discussion of the various measures used in this endeavor, their further 
development in various countries, and the roles played in their successful application by the 
co-workers of the patient, the works’ management, and the various governmental agencies. 
The book ends with an outline of further development necessary to solve this problem, both 
with regard to further study and with regard to training of personnel. The author covers 
the various facets of this problem, with special reference to the role played by the patient 
himself and his desire for rehabilitation, and supports his theses by numerous references to 
the German and foreign literature, especially to the work done in the United States on this 
subject. This book should be of interest to all workers in this field, although it is not easy 
to read especially because of the use of many composite words with special meaning. 


W. F. von Oettincen, M.D. 
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SKIN DIVING: Sport, Work, and Danger 


The region beneath the sea always has had 
a mysterious fascination for man. It was a 
region which ancient men peopled with mon- 
sters and evil creatures. Far under the sur- 
face of the waters, “lost” continents such as 
Atlantis were built by the minds of men. 
And there always have been some who were 
willing to brave the real and imagined ter- 
rors of the depths, for adventure, for per- 
sonal gain, or to extend man’s knowledge 
of the world. 

Documented history of diving goes back 
several hundred years before the Christian 
era. These early divers, unaware of the physi- 
cal and physiological problems of diving, 
faced additional dangers and the early litera- 
ture reports many crippling, often fatal, acci- 
dents. But there always were the hardy few 
who developed and refined crude devices in 
an effort to go deeper beneath the sea and 
to stay down for longer periods of time. 

In recent years and with the development 
of more compact and less expensive ap- 
paratus, there has been a tremendous growth 
in what has come to be called “skin diving.” 
For many, it is a sport with equipment rang- 
ing from a simple mask, permitting the 
wearer to see well underwater and allowing 
him to stay down as long as his breath lasts, 
to elaborate tanks and respirators, allowing 
lengthy underwater exploration. 

But “skin diving” also has its industrial 
aspects, since the apparatus required for 
underwater operations is far less expensive 
and the training far simpler than that re- 
quired for conventional divers and_ their 
equipment. 

Much has been written about diving equip- 
ment and dress and techniques, but it wasn’t 
until the beginning of the 19th century with 
the introduction of the open “diving dress” 


{1] 


by an Englishman, Augustus Siebe, that div- 
ing operations as known today became prac- 
ticable. Also about this time another Eng- 
lishman, W. H. James, constructed the first 
workable, safe, self-containing diving ap- 
paratus, using compressed air, contained in 
a metal belt around the diver’s waist, but the 
diver’s stay underwater was limited to very 
brief periods. During the latter part of this 
century pumps, pressure tanks and COz ab- 
sorbers were devised and perfected very 
rapidly. Compressed air could be fed from 
the surface through hoses to the diver, thus 
permitting prolonged stays underwater. 
About the middle of the century, Triger, a 
Frenchman, introduced the first practicable 
caisson. Thus large-scale underwater indus- 
trial operations were launched, and as the 
diving profession grew, medical problems 
arose just as rapidly. Observations and re- 
search on compressed air sickness, aero- 
embolism, dangers of high COz and Os, and 
nitrogen narcosis were begun and continued 
at a rapid rate. Although pearl divers, the 
original skin divers, have operated for cen- 
turies, skin diving as a military operation 
and as a sport was relatively “unmechanized” 
until the first practicable self-contained div- 
ing apparatus was introduced, in 1925, by 
Commander LePrieur, of the French Navy. 

By World War Il, most navies of the 
world had organized units of “frogmen,” as 
demolition squads, for operation with or 
without supplemental air supplies. It was in 
this period that the U. S. Navy also set up 
its SCUBA operation, named for Self- 
Contained Underwater Breathing Apparatus. 

Since World War II it is estimated that 
there are over 1,000,000 skin divers and 
25,000 or more who use the SCUBA-type 
equipment for commercial work or for sport. 
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Although deep sea diving and caisson work 
had been going on for over 100 years, it 
wasn’t until the last 50 years that any 
amount of knowledge was gained of the 
physiological aspects. Presently, diving and 
caisson operations are almost always carried 
out under careful medical supervision, by 
either the Navy or commercial enterprises 
to minimize the dangers involved. With the 
recent increase of skin diving, however, 
many of the safety precautions have been 
overlooked or neglected, with the result that 
the same old problems associated with diving 
in the early days are now reappearing in 
new forms. It is fortunate that many skin 
diving clubs have been organized, for they 
have been responsible for the proper indoc- 
trination of their members and supplying 
them with information on the hazards in- 
volved in diving. Nevertheless, there have 
been many accidents as well as loss of life 
due to disregard of safety measures and 
improper usage of equipment. This latter 
observation appears to apply more to those 
individuals operating by themselves and 
away from organized groups. 

Skin diving has outgrown itself as a sport. 
It is now being practiced widely for com- 
mercial, research, and educational purposes. 
The commercial uses to which skin diving 
can be put are numerous and infinite in 
variety. Its increasing commercial uses are 
no doubt due to its ease of operation and low 
cost. Here, again, there appears to be some 
disregard for safety and proper respect for 
the dangers associated with underwater 
operations. 


The hazards of working underwater at 
elevated gas pressures are the same to 
humans regardless of whether the worker is 
classed as a “regular diver,’ “caisson 
worker,” or “skin diver.” There are nu- 
merous precautions that divers generally 
take because they are so obvious. However, 
there are other, subtler aspects, such as 
aeroembolism, bends, oxygen poisoning, 
water temperature, physical fitness, etc., that 
are overlooked. Some of these will be dis- 
cussed further. 
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Pressure is the diver’s greatest enemy. 
Pressure within the body cavities and that 
of the surrounding atmosphere must be con- 
sidered at all times. Whenever there is a 
pressure differential between the pressure in 
the body and the surrounding atmosphere 
that is not compensated, distress is created 
and its magnitude is proportional to the pres- 
sure differential. For example, as the diver 
goes deeper in the water, pressure is exerted 
on him from all sides. The body is known 
to be able to withstand pressures as high as 
20 atmospheres, about 600 feet of water, 
without harm. If the pressure outside the 
lungs is greater than within, then this added 
pressure can produce what is known as a 
“lung squeeze.” If the air in the lungs is 
maximally compressed by the increased pres- 
sure on the body, the lung volume keeps 
decreasing to a minimum size approximately 
equal to its residual air volume. If the pres- 
sure is in excess of 4 atmospheres and if the 
lung air cannot be further compressed, then 
blood and tissue fluids are forced into the 
lung alveoli. With further increase of pres- 
sure, abdominal viscera can also be forced 
into the chest cavity. This can occur by 
rapidly going too deep or accidently falling 
off an underwater ledge, without compensat- 
ing for the increased pressure. 

When the opposite occurs, that is, if the 
pressure about the body is reduced too 
rapidly as the diver ascends from great 
depths, say below 100 feet, either inten- 
tionally or accidentally, without making 
proper adjustment for the pressure changes, 
one gets effects opposite of that produced 
by the “squeeze.” This can produce trau- 
matic aeroembolism, rupturing of lung tis- 
sues, and hemorrhage. If the diver does not 
compensate for the pressure differences, the 
air within the lungs continues to expand in- 
versely proportionately to the decreasing sur- 
rounding pressure. The pressure within the 
lungs becomes excessive, overexpands the 
lungs and ruptures the alveoli and the blood 
vessels, just like a bursting balloon. Air 
bubbles can be forced into the tissues and 
blood vessels. Once they enter the pulmo- 
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nary capillary bed, the bubbles can pass to 
the left chambers of the heart and into other 
blood vessels to produce aeroembolism. 

Compressed air sickness, also called “the 
bends,” decompression sickness, caisson dis- 
ease, diver’s paralysis, chokes, or diver’s itch, 
is a condition resulting principally from an 
accumulation of nitrogen in the tissues caused 
by improper decompression following expo- 
sure to compressed air. As the diver de- 
scends, the increased pressure causes more 
air to be dissolved in the tissues. If the diver 
stays down too long or too deep or ascends 
too rapidly, accidentally or otherwise, the 
pressure is rapidly reduced and_ gases, 
principally nitrogen, in the tissues quickly 
come out of solution and form tiny gas 
bubbles, which can become larger and pro- 
duce aeroembolism in the blood. Severe, ex- 
cruciating pain is the predominant symptom 
and occurs most frequently in the limbs, 
more frequently in the legs than in the arms. 
This occurs following submergence below 
40 feet, equivalent to an excess of 214 atmos- 
pheres absolute. It is believed that nitrogen 
from the air is the chief cause of aero- 
embolism in decompression sickness. The 
amount of gas retained by the body during 
the compression is proportional not only to 
the partial pressure of the gas but also to 
the amount of fatty tissue in which nitrogen 
is more soluble. 


When the body is exposed to air pressure 
of 4 atmospheres absolute or more, nitrogen 
induces a narcotic action characterized by 
euphoria, confusion, neuromuscular incoor- 
dination, and slowed thinking. This effect 
has been likened to alcoholic intoxication. 
Should a free diver find it necessary to work 
below 100 feet, it would be advisable to use 
helium-oxygen mixtures, not only to reduce 
the incidence of bends, but also to mini- 
mize or eliminate completely the narcotic 
effect of nitrogen. 

Divers coming up from 40 feet or below 
equivalent to 2% atmospheres absolute 
should observe decompression practices to 
prevent the bends. Decompression tables can 
be obtained from the U. S. Navy for com- 
pressed air or helium-oxygen mixture. 


[3] 


Oxygen, as found at atmospheric pres- 
sure and concentration, is essential to life 
and per se is innocuous. However, when 
pure oxygen is breathed for prolonged pe- 
riods of time, about four or more hours, 
there can occur in the lungs, inflammation, 
congestion, edema, bronchitis, bronchiec- 
tasis, destruction of alveolar cells, and even- 
tually various types of pneumonia. Pure 
oxygen under pressure becomes increasingly 
toxic above 3 atmospheres absolute. Symp- 
toms are similar to those described above. 
In addition, quite distinct toxic effects are 
characteristic of the action of oxygen at in- 
creased pressures. Visual disturbances, con- 
fusion, nausea, lip twitching, acoustic hallu- 
cinations, dyspnea, and convulsions are a few 
of the symptoms noted. Bradycardia and 
dyspnea with rapid, shallow breathing are 
associated with breathing pure oxygen. 
Hypothermia has been consistently noted to 
be associated with acute as well as subacute 
oxygen poisoning. 


U. S. Navy scientists and investigators 
abroad have observed that human tolerance 
for breathing oxygen at high pressure is im- 
paired during work or swimming under- 
water. The Navy investigators have found 
that the practical use of oxygen breathing by 
underwater swimmers such as “skin divers” 
using SCUBA is limited to about 25 to 30 
feet while doing moderate work at comfort- 
able temperatures before ill effects are noted, 
usually in about one hour. The U. S. Navy 
Medical Research Laboratory, Naval Sub- 
marine Base, New London, Conn., has pub- 
lished a report describing a warning sign of 
acute symptoms of oxygen toxicity for the 
use of naval submarine and diving personnel 
and others concerned with the problem in 
underwater swimming and diving. It has 
been reported that the pulse rate becomes 
fixed and does not respond to change from 
swimming to rest and from rest to swim- 
ming at a time just preceding the develop- 
ment of symptoms of oxygen toxicity. This 
is referred to as fixation of pulse rate. They 
feel that this sign can be used as a warning 
of acute symptoms of oxygen poisoning. 
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Certain precautions should be obvious to 
skin divers planning either sport diving or 
underwater work. It is important to use only 
standard equipment, known to be safe. Skin 
diving equipment is not for the “do-it-your- 
self” fan. 

The diver must know his own physical 
limitations and abilities and should famil- 
iarize himself with his underwater environ- 
ment, plant and sea life, water temperature, 
tides, and currents. These are the usual rules 
followed by any swimmer. 

But the pressure encountered during div- 
ing accentuates certain ailments that would 
not cause discomfort to a surface swimmer. 
For example, diving, while affected by 
sinusitis, otitis media, otitis externa, or mild 
respiratory infections, not only can cause 
extreme distress but may also result in per- 
manent damage, especially to the ears. 

Acute, chronic, or recurrent pulmonary 
disorders and cardiovascular ailments are 
conditions which may preclude skin diving. 
When in doubt, the diver should consult his 
physician for advice and guidance. 

Occasionally, while under pressure, gas 
may form in the gastrointestinal tract while 
the diver is down below. As he ascends, this 
gas expands and stretches the gastrointes- 
tinal tract excessively, impairing its normal 
function and causing severe pain. Sometimes 
this may be so severe as to prevent proper 
decompression. Gas formation can be avoided 
by not ingesting gas-forming foods and bev- 
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erages and by not chewing gum while 
submerged. 


Carelessness, which could be called the 
diver’s number one enemy, should be reduced 
to a minimum or completely eliminated. 


Panic could be enemy number two. The 
Navy manual on diving states: 
Never become frightened or excited; slow 


methodical efforts are always best in an emergency. 

. . No matter how serious the situation appears, 
a diver should remember that there was a way into 
his predicament; hence there is always a way out 
of it. 


Armed with the knowledge of its hazards 
and means of counteracting them, skin div- 
ing could quickly become a big business, 
relatively safe and with a minimum of 
daager. 


Louts J. Pecora, Ph.D., Physiologist, 
Occupational Health Field Headquarters, 
Cincinnati. 
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LIMESTONE DUST 


A Possible Cause of Silicosis 


For many years there has been a tendency 
to relegate limestone dust to the innocuous 
type of nuisance dust and hence to give 
little consideration to its control or disease- 
producing properties. 

If limestone were technically pure and 
contained no free silica, it would not be a 
matter of health concern. However, natu- 
rally occurring limestone may and usually 
does contain a small per cent of free silica. 
Natural limestone seldom is analyzed for its 
free silica content and is not often considered 
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as a possible etiological factor in chest con- 
ditions indicative of excessive dust exposure. 


A definitive study of the problem of pneu- 
moconiosis in limestone workers was done 
by A. T. Doig, author of “Disabling Pneumo- 
coniosis from Limestone Dust” (Brit. J. 
Indust. Med. 12:206, 1955), in which he 
reported on eight cases of pneumoconiosis in 
workers whose chief or only exposure to 
dust was in the mining or crushing of lime- 
stone. 
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Clinical and radiological examination of 
four persons in one limestone-crushing plant 
gave evidence of pneumoconiosis. These men 
had been exposed for an average of 20.5 
years. 

A grinder in another location, who had 
been exposed for 26 years, was totally dis- 
abled. In still another instance, three lime- 
stone miners, exposed for 25, 38, and 39 
years, respectively, showed 20% to total 
disability. It is the opinion of the British 
investigator that the lesions produced in the 
above persons were caused by free silica 
contained in the limestone to which they 
were exposed. 

Analysis of the limestone showed a vari- 
able amount of free silica, ranging from 1.8% 
up to 11.5%. In one instance, the average 
of samples taken was 4.93% of free silica. 
In a quarry which was studied, free silica 
content of three samples was 6.0%, 6.2%, 
and 3.9%, respectively. 

The investigator concluded that limestone 
dust with relatively little free silica is capable 
under conditions of high exposure of pro- 


ducing silicosis. In addition, he said that 


any inhibitory action which calcium car- 
bonate may have toward preventing silicosis 
was not evident or was at least insufficient 
in these cases to prevent silicosis. 

In view of the British findings, it seems 
well to reconsider the significance of expo- 
sure to limestone dust. For this reason, a 
program to assay more completely the free 
silica content of active limestone quarries 
and mines in Tennessee is being initiated. 
A limited number of analyses, performed by 
the Industrial Hygiene Service Laboratory 
of Tennessee, have revealed a free silica con- 
tent ranging from 1.8% to 9.0%, with an 
average of 4.5% for nine samples. 

It would seem well for physicians to con- 
sider the possibility of limestone dust con- 
taining a small precentage of free silica as 
a possible etiological factor in cases of de- 
creasing lung capacity where chest x-ray 
films are indicative of excessive dust expo- 
sure and no other etiologic explanations are 
apparent. 

TENNESSEE DEPARTMENT OF 
Pustic HEALTH, 
Nashville. 


Resurvey of Vermont Granite Sheds 
and Quarries 


Despite the fact that knowledge about en- 
gineering techniques and medical programs 
for the prevention of silicosis have been gen- 
erally known for the past quarter-century, 
silicosis remains an occupational disease in 
American industry. 


The reason for this situation is not clear. 
It seems justifiable to assume that 


1. Available engineering and medical knowledge 
have not been applied assiduously in meeting stand- 
ards developed for prevention of silicosis. 

2. The chemical and physical characteristics of 
industrial air-borne  silica-bearing dusts have 
changed sufficiently in the last 25 years so that the 
bases upon which standards were developed are no 
longer applicable, or 

3. Present standards do not take into considera- 
tion all pertinent factors relating to the disease and 
accordingly are not completely effective in pre- 
venting silicosis. 


[5] 


To gain insight into the silicosis problem 
and determine the reasons for its current 
prevalence in American industries, the fol- 
lowing information is needed: 

1. The adequacy of present dust standards in the 
preventing of silicosis. 

2. The pathologic significance of the physical 
and chemical characteristics of the dust in the de- 
velopment and progression of silicosis. 

3. The significance of various levels of dust ex- 
posure in progression of the disease. : 

4. The relationship between pulmonary disability 
and roentgenographic and clinical findings. 

5. The relationship between present methods of 
dust quantification and dust diseases. 


Unfortunately there is no one industry 
from which all this information can be ob- 
tained. It will require studies of operations 
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in various dusty industries based upon the 
availability of comparable and current data 
which will provide answers to the specific 
questions posed. 

The Vermont granite industry provides an 
especially suitable starting point from which 
to gain useful information to help resolve 
some of the specific problems relating to 
silicosis. There are several factors which sup- 
port this. Two previous Public Health Serv- 
ice studies have been done in the industry, 
one published in 1929, the other in 1941; 
the Vermont Department of Health con- 
ducted an environmental study in 1937-1938; 
the worker population is considered un- 
usually stable; all records and x-ray films 
made since 1937 are available for study, and 
it is reported that no new case of silicosis 
has developed in a worker initially employed 
in the Barre granite sheds since dust control 
measures were instituted in 1937. 


At present, there are approximately six 
quarries employing about 700 workers and 
78 granite sheds employing about 1500 men 
in the Barre area. Forty-four sheds, employ- 
ing more than 11 employees each, account 
for a total of 1093 workers. Smaller sheds, 
employing one to 10 men, account for 141 
workers. There are 30 of these smaller sheds. 


In general, the smaller plants, those with 
10 or fewer employees, do one or two spe- 


Fig. 1.—Portable power 
saw on frame, using abra- 
sive or diamond wheels. 
Note water and dust leav- 
ing left side of saw. (Pic- 
ture from Whitcomb, 
Smith, and Cook Co., 
Barre, Vt.). 


98 


A. 


ARCHIVES OF INDUSTRIAL HEALTH 


cific operations. The larger sheds do the 
sawing, sand-blasting, cutting, and polishing 
operations required for finished products. 
Past data collected during previous sur- 
veys, medical records and x-ray films on 
employees in the industry since 1937, plus 
the considerable knowledge available con- 
cerning the past history of the industry, 
should permit the obtaining of data to deter- 
mine the adequacy of present standards in 
the granite industry. data 
on current dust exposures, along with avail- 
able data on past exposures since 1937, will 
be correlated with existing medical records 
and x-ray films of workers in the industry. 


Environmental 


Although there is no reason to believe that 
any change has occurred in the chemical 
composition of the granite dusts, improve- 
ments in operating techniques may have 
altered the physical characteristics of the 
dusts, especially the median particle sizes. 
These factors as well as the relationship of 
submicron particles to the greater-than-lp 
size of air-borne dusts will be studied. 

There has been no proved method of dust 
enumeration developed which has any ad- 
vantage over or can replace the light-field 
technique developed by the U. S. Public 
Health Service. However, through mem- 


brane-filter sampling and the use of oil im- 
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an effort 


mersion and electron microscopy, 


will be made to establish relationships be- 
tween the submicron and the greater-than-lp 
particle sizes of the air-borne dusts, since the 
light-field counting technique cannot be used 
to enumerate particles below about 0.8» in 
diameter. 


The general introduction of dust-control 
programs in the Vermont sheds and quarries 
around 1937 materially lowered the atmos- 
pheric dust concentration. It is possible that 
these lowered dust exposures had an influ- 
ence on the rate of progression of silicosis 
in workers who had only minimal changes 
prior to the introduction of dust controls. 
Existing medical reports and x-ray films 
will be studied to establish this. The absence 
of baseline comparative data prior to 1937 
makes it difficult to draw specific conclu- 
sions in this regard. 


Until the study of existing medical records 
and x-ray films is completed and until pul- 
monary function studies are done, there can 
be no analysis of the relationship between 
pulmonary disability and the x-ray and clini- 
cal findings. These studies may indicate the 
need for further investigation. 


Fig. 2—Granite sculptor 
using a pneumatic hand 
chisel. Exhaust hood at 
left draws away dusty air 
without hampering the in- 
tricate work of the artist. 


About 15 granite sheds of varying sizes 
and 3 quarries, all chosen through random 
selection, will be used for the resurvey. Final 
selection is the result of consultation between 
the Occupational Health Program and off- 
cials of the Vermont Health Department. 

Cooperation met with in instituting the 
survey is characterized by the following 
quotation from the Barre Guild Bulletin, 
published by the Barre Granite Association : 


Members of your Industrial Relations Committee 
and Board of Trustees have met on two occasions 
with representatives of the Industrial Hygiene Di- 
vision of the Vermont Health Department and phy- 
sicians from the Occupational Health Program of 
the U. S. Public Health Service. It has been agreed 
that because of the value which might accrue to 
other industries we will lend our support to this 
study and work in conjunction with the State De- 
partment of Health and the Public Health Service. 

All phases of the study have been thoroughly dis- 
cussed with our local union officials and the Ver- 
mont Public Health Department and the U. S. 
Public Health Service have been assured of their 
cooperation. Your cooperation with these two 
agencies is earnestly requested by your Industrial 
Relations Committee and Board of Trustees. 


OccuPATIONAL HEALTH FIELD 


HEADQUARTERS, 
Cincinnati. 
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A Practical Approach to Uranium 
Mining Safety 


Some of the practical problems that face 
state safety officials in the field of uranium 
mining safety were presented to members of 
the American Mining Congress, meeting in 
October at Las Vegas, Nev., by Otto A. 
Wiesley, Chairman of the Industrial Com- 
mission of Utah. 

“We know from past experience,” said 
Mr. Wiesley, “that uranium mining involves 
the same hazards as hard-rock mining in 
the nonferrous metal industry such as roof, 
ribs, caves, carbon dioxide, transportation, 
drilling and blasting and other hazards. The 
only unknown quantity, the extent of the 
hazard, was and still is in some respects the 
emanation of radon and its degradation 
products.” 

The problem of the radon hazard, accord- 
ing to Mr. Wiesley, is especially difficult 
“because we are dealing with men who, for 
the most part, have never faced a hazard 
that cannot be detected by any of the five 
senses.” 

“Radon and its daughters or degradation 
products,” he said, “cannot be smelled, seen, 
heard, touched, or tasted. It is an invisible 
enemy. This strange situation makes educa- 
tion very necessary. It also enters the en- 
forcement field, because even a court has 
difficulty visualizing the hazard if the drastic 
remedy, injunction, is requested.” 

Mr. Wiesley noted that for a number of 
years safety officials have been aware of the 
existence of radon and radon daughters and 
that extreme exposure might result in injury 
to workers. 

“The information we lacked,” he added, 
“and probably still lack is the safe working 
level. We also are not sure of the nature of 
the diseases, if any, that might be caused by 
exposure to radon and its degradation 
It may be cancer of the lungs, 
diseases of the blood-forming organs, anemia, 
polycythemia, or damage to the skeletal 
system.” 
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products. 


The Utah commissioner outlined the steps 
which were taken early in 1955 to analyze 
all available information on health hazards 
of uranium mining in an effort to formulate 
a safe, practical, reasonable standard of ex- 
posure and to study ways and means of at 
least approximating that standard without 
imposing overwhelming economic burdens 
on the industry. 

“Time is on our side,” said Mr. Wiesley. 
“We are not faced with the problem of sud- 
den death from methane and carbon monox- 
ide or the somewhat slower death from 
carbon dioxide. The first two gases are not 
often, if ever, found in uranium mines. The 
last, carbon dioxide, can be eliminated by 
natural or forced ventilation.” 

In addition, he pointed out that actual de- 
velopment of diseases chargeable to radon 
and its daughters may require many years 
“if it is a fact that the gas is a disease- 
forming factor.” 

“Another important factor which moti- 
vated the development of the program,” 
said Mr. Wiesley, “was to proceed in a 
manner that would not create a psychosis 
among employees and operators, such as was 
experienced in the hard rock mining indus- 
try years ago with silicosis.” 

“You well know,” he said, “that miners’ 
‘con’ was the nightmare of the hard rock 
mining industry in the past and still prevails 
as such in some areas.” 

“We believed that publicity 
should be conservative and, as far as possi- 
ble, reassuring to all. On the other hand, we 
felt that the absolute truth, as closely as it 
can be determined, should be transmitted to 
both operators and employees. To date, no 
scarehead publicity has been released but 
ample information is being released to ac- 
quaint all concerned with the potential health 
hazards.” 


therefore 


This groundwork resulted in two impor- 
tant meetings in 1955, at Salt Lake City in 
February and later at Grand Junction, Colo., 


[8] 


| 


OCCUPATIONAL HEALTH NEWS 
where working standards were discussed and 
tentatively adopted. 

The Salt Lake City conference approved 
the now familiar 100 micromicrocuries per 
liter of radon and the 300 micromicrocuries 
per liter of its daughters as tentative safe 
working levels. 

At the same meeting, it was decided to 
see what could be done in the education field 
to make both operators and miners aware of 
the hazard which their senses couldn't detect. 

In establishing standards, however, Mr. 
Wiesley pointed out some of the practical 
aspects that must be applied to any standards- 
setting program. 

“If we discover an unsafe condition,” he 
declared, “we are . . . obligated to consider 
carefully the effects on the industry (when 
steps are taken to alter such a condition). 
Rules can be so unreasonable in terms of 
cost that the financial burden may wreck 
the industry. 

“We could, for example, adopt a rule pro- 
hibiting an employee from exposure of more 
than one hour. Translate that into shifts and 
man-hours and dollars. We must also con- 
sider the nature of the industry and its im- 
portance, especially in time of emergency. 
We must also determine if the marginal mine 
is worth saving. In short, we should not 
adopt a rule without a great degree of cer- 
tainty that its enforcement will remove the 
hazard; that it will not place an unreason- 
able financial burden on the operator and 
public, and that it will not wreck a neces- 
sary and essential operation.” 

Utah, said Mr. Wiesley, already has 
adopted regulations approved at the Grand 
Junction conference. The regulations, effec- 
tive January 1, 1956, are as follows: 

1. The operator of every uranium mine . . . shall 
provide and maintain for every such mine a good 
and sufficient amount of ventilation for such men 
as may be employed therein, and shall cause an ade- 
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. all 
. and, except in case of emergency, 
no man shall be allowed to work in an atmesphere 
injurious to health. 


quate amount of pure air to circulate into . . 
working places .. 


2. The atmospheric concentration of the immedi- 
ate daughters of radon should not exceed 300 mi- 
cromicrocuries per liter as determined by a field 
method acceptable to the State Bureau of Mines 
(Industrial Commission) and every operator shall 
make a reasonable effort to approximate said 
standard. 

3. It shall be the duty of every operator to cause 
an inspection of the mine to be made each month 
for the purpose of determining the concentration of 
the immediate daughters of radon, provided, how- 
ever, that at the discretion of the mine superinten- 
dent or the State Mine Inspector, more frequent 
determinations shall be made at the working place. 

To give operators time to purchase the 
necessary testing equipment and to become 
familiar with its use, as well as to install or 
improve existing ventilating equipment, the 
Jan. 1, 1956, deadline was selected, according 
to Mr. Wiesley. 

“It is obvious,” he said, “that the entire 
burden seems to be imposed on the operators 
to the exclusion of the miners. This is in- 
escapable because the hazard cannot be de- 
tected by any of the five senses. It requires 
technical knowledge and sensitive equipment 
to discover and measure the hazard.” 

Sut he said that employees also have 
duties and responsibilities in uranium min- 
ing safety, especially as far as personal 
hygiene is concerned. Changes of clothing, 
eating habits, and baths can add an extra 
degree of protection. 

In conclusion, Mr. Wiesley told the Con- 
gress that “the Industrial Commission of 
Utah is aware of the great importance of the 
uranium mining industry in the economic 
life of Utah as well as in the nation as a 
whole. 

“We have no desire to wreck the industry 
by the adoption of arbitrary and unreason- 
able safety regulations.” 
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Agricultural Chemicals Causing Occupational 
Disease in California in 1954 


The Bureau of Adult Health of the Cali- 
fornia State Department of Public Health 
issues an annual report on agricultural chemi- 
cals causing occupational disease. For pur- 
poses of this report, the following definitions 
have been made: 

Agricultural chemicals are those organic 
and inorganic compounds prepared for their 
influence on the growth or destruction of 
plant and animal life. “Agricultural” in this 
sense applies not only to the raising of crops 
and animals, but also to warehouses dealing 
with products used primarily for agricultural 
purposes. 

The tables below are based on the Doctor’s 
First Report of Work Injury form. This 
form is required by law to be filled by every 
physician who attends an injured employee 
covered by the California Workmen’s Com- 
pensation Act. Since only such cases are 
reported, and since farmers can choose not 
to be covered, the complete extent of occupa- 
tional disease arising from the use of agricul- 
tural chemicals is not known. It is believed, 
however, that the majority of injuries of this 
kind are reported. 

The use of doctors’ reports is a valuable 
aid in evaluating the health problems caused 
by the use of agricultural chemicals in Cali- 
fornia. The report, however, is subject to 
limitation. It is a first report, which covers 
the preliminary findings made by the physi- 
cian, but does not in all cases reflect the 
final diagnosis. Furthermore, only the esti- 
mated amount of time lost can be given which 
results in some margin of error concerning 
the length of disability. 

A total of 391 cases of occupational dis- 
ease caused by the use of agricultural chemi- 
cals were reported in 1954. Of these, 40 per 
cent of the patients lost no time from work. 
In the 182 cases reporting lost time, 86 per 
cent lost two weeks or less. In 13 per cent 
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TasLe 1.—Agricultural Chemicals Causing Occu- 
pational Disease,* By Type of Disease 
1954 


California, 


Type of Disease 


Sys- 
temic 
Poison- 
Chemical Total ing Skin Other 
Total, all chemieals............. 391 122 60 
Chlorinated hydrocarbons, total. 22 6 10 6 
1 1 oe 
Carbon tetrachloride ........... 2 1 1 
div 3 2 1 ee 
Methyl bromide ..... ........... 1 1 
Chlorinated hydrocarbons, 

Organie mereury compounds...... 7 a 6 1 
Organic phosphates, total........ 131 101 8 22 

9 1 3 5 
103 85 3 15 
6 5 1 ee 
Organic phosphates, unspecified. 1( 8 1 1 
Sulfur and 24 16 8 
Cotton defolients, unspecified.... 8 1 6 1 
Fertilizers, unspecified ............ 28 1 2 1 
Weed killers, unspecified.......... 27 ae 25 2 
Chemicals, other and unspecifiedt 136 12 106 18 


* Excludes diseases of employees not covered by the Cali- 
fornia Workmen's Compensation Act, such as maritime 
workers, railroad workers engaged in interstate commerce, 
and workers employed by farmers who elect not to be 
covered. 

+ Includes mainly unspecified chemical sprays. 

Source: State of California, Department of Industrial 
Relations; “‘Doctor’s First Report of Work Injury’: Sta- 
tisties compiled by California Department of Public 
Health, Bureau of Adult Health. 


of the cases, the query on lost time was not 
answered. 

The majority of cases (53%) were skin 
diseases. In the cases of systemic poisoning, 
83% were attributed to the organic phos- 
phates, and nearly 70% of the systemic 
poisoning cases were attributed to parathion, 
one of the organic phosphates. 

The majority of persons (63%) were 
connected with the agricultural industry. 
Other industries represented were service 
(10%), government (6%), chemical manu- 
facturing (5%), food processing (4%), 
transportation, communication, utilities 
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(4%), construction (2%), miscellaneous 
manufacturing (1%), trade (0.5%), and 
not stated (4%). 

Two fatalities were reported in 1954, one 
due to unspecified sprays and fertilizers, and 
one to an organic phosphate, TEPP. These 
reports represent death benefits awarded or 
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compromise and release settlements approved 
by the Industrial Accident Commission in 
1954 for persons covered by the California 
Workmen’s Compensation Act. 

Illness and deaths caused by agricultural 
chemicals can be reduced by proper precau- 
tion and intelligent application. 


JP-4 JET FUEL IN EYES 


In October, 1955, the Naval Air Station, 
Columbus, Ohio, requested the Naval Fuel 
Supply Officer, Washington, D. C., to supply 
information concerning the chemical content 
of the jet fuel JP-4. The information was 
sought for use in the treatment of personnel 
whose eyes may be splashed accidentally 
with the fuel, and also in the establishment 
of a program for the prevention of such 
accidents in the handling of the fuel. 

J P-4 fuel consists essentially of a straight 
run petroleum fraction, boiling between 150 
F and 500 F. Ordinarily it contains 10% 
to 18% aromatics and 20 parts per million 
of corrosion inhibitor, santolene. Santolene is 
essentially 50% kerosene and 50% dilinoleic 
acid with a controlled minor amount of amyl 
phenol partial ester of phosphoric acid. The 
petroleum fraction consists of a combination 
of kerosene and gasoline ; if splashed into the 
eye and allowed to remain there, these com- 
pounds may cause a severe inflammatory 
reaction. The santolene portion of subject 
fuel would also produce a severe inflamma- 


Radioactivity Produces 


Spurred by the expanded uses of radio- 
active materials in industry and the widely 
publicized “atoms for peace” program, 15 
State Legislatures already have taken up 
the problems of industrial hazards of radio- 
activity. 

Recognizing the health hazards inherent 
in these new materials, whose dangerous 
products cannot be discerned by human 
senses, the states have passed legislation for 
regulation and control. 
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tory reaction if allowed to remain in the 
conjunctival sac. Undiluted santolene placed 
in a rabbit’s eye and allowed to remain there 
produced considerable irritation. No perma- 
nent damage to the rabbit’s eye tissues was 
noted, according to information received 
from the Monsanto Chemical Company. 

JP-4 fuel, if splashed into the eyes, pro- 
duces smarting and burning, which is a typi- 
cal reaction to petroleum products in general. 

Treatment should consist of immediate 
on-the-spot thorough flushing of the com- 
plete conjunctival sac with copious amounts 
of plain water. This procedure should be 
continued until it is certain that all of the 
fuel has been removed. After this, the 
patient should be taken to the nearest 
medical facility, if he is not already there, 
for examination and treatment by a medical 
officer. 

In areas where men are exposed to po- 
tential splashes from JP-4 fuel, personnel 
should be provided with, and required to 
wear, approved eye-protective equipment. 

From U.S. Navy, Medical News Letter 


New Industrial Laws 

New York, which has a fairly typical 
system of regulations for protection from 
on-the-job hazards of radioactive materials, 
adopted a program which became effective 
on Dec. 15, 1955. The new regulations cover 
approximately 150,000 workers in industries 
where exposure to the effects of industrial 
radiation is now present or may become a 
hazard in the future. 


The New York regulations are the result 
of a two-year study by a 26-man Labor De- 


[12] 


AM. 
| 
j 
2 
2 


OCCUPATIONAL HEALTH NEWS 
partment committee, including labor, man- 
agement, medical, scientific, and federal gov- 
ernment representatives. Twelve drafts of 
the regulations were prepared before a final 
one was accepted, after seven public hearings. 

The chief requirements of the New York 
code call for registration of all installations, 
permanent or mobile, so that State authori- 
ties will know the location, type, degree of 
hazard and ownership of every radiation 
source in New York. 

Each installation must have a radiation 
safety supervisor and a radiation safety of- 
ficer, designated by the owner. Workers who 
might be assigned to work in radiation areas 
must be trained by a supervisor and must 
be informed of the hazards of radiation. 
Minors will not be permitted to work in 
hazardous areas. 

Proper detection and measuring instru- 
ments must be readily available and the 
radiation safety officer will be required to 
make a survey evaluating the hazards of the 
radiation source when necessary. 

Any employee who receives 25% or more 
of an established radiation dose limit must 
be supplied with and must use appropriate 
personnel monitoring equipment. 

The following is a table of weekly permis- 

sible limits : 


1. Entire body exposure: 300 mrem (milliroent- 
gens equivalent mammal) in the blood-forming 
organs, gonads, and lenses of the eyes; 600 mrem 
in the skin. 


2. Entire body exposed and low penetrating 


power : 300 mrem in lens of the eye; 1500 mrem in 
any other part of the body. 


3. Hands and forearms exposed only: 1500 mrem 
in the skin area. 


4. Feet and ankles: 1500 mrem. 


5. Head and neck only: 1500 mrem, skin area; 
300 mrem around the eyes. 


6. Inhaled or ingested radiation and direct ex- 
posure to rays combined, must not exceed appro- 
priate limits per week. 


Eleven States, Arkansas, Colorado, Geor- 
gia, Idaho, Kansas, Louisiana, New Mexico, 
New York, Pennsylvania, Rhode Island and 
Texas, have placed radiation-exposed work- 
ers under workmen’s compensation. 

The New England Committee on Atomic 
Energy set up a model statute, which was 
adopted by Connecticut, Maine and New 
Hampshire. Rhode Island adopted the 
model law with some variations. 


Connecticut, in addition to adopting the 
model law, amended its public health statute 
to provide for the incarceration or isolation 
of persons whose bodies contain radioactive 
material making them hazardous to others. 


NEW APPOINTMENTS 


Within recent months, California, Ken- 
tucky, and Pennsylvania have announced the 
appointments of physicians as heads of occu- 
pational health programs in the respective 
States. The new appointees are Dr. William 
H. Clark, Acting Chief, Bureau of Adult 
Health, California State Health Department ; 
Dr. Edwin Cameron, Director, Divisions of 
Occupational Health and Chronic Disease 
Control, Kentucky Department of Health, 
and Dr. Jan Lieben, Director of the Bureau 
of Industrial Hygiene, Pennsylvania Depart- 
ment of Health. 


Dr. Clark, a native of Iowa, received his 
advanced education at the University of 
California, where he received his M.D. and 
[13] 


M.P.H. degrees. He interned for two years 
at the U. S. Public Health Service hospital 
in New Orleans. 

He has had extensive teaching and field 
experience, as Medical Officer with the U. S. 
Public Health Service Communicable Dis- 
ease Center in Atlanta, in occupational health 
and in general public health and has collab- 
orated extensively in research and publica- 
tion on “Q” fever in animals. In 1954 he 
received his specialty certificate from the 
American Board of Preventive Medicine. 

Dr. Cameron received his medical training 
at Dalhousie University, from which he was 
graduated in 1927. For three years after 
graduation he served as health officer in Lee 
and Henderson counties in Kentucky. 
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From 1930 to 1940 Dr. Cameron was 
health officer in Berkeley, Wetzel, and 


Monongalia counties in West Virginia. Dur- 
ing this same period, he was awarded his 
M.P.H. from The Johns Hopkins University. 

Dr. Cameron left West Virginia in 1940 to 
become State Health Commissioner of Dela- 
ware, a post which he held for nine years. 
He then became director of local health serv- 
ices for the Connecticut State Department of 
Health. 

In 1951 Dr. Cameron went to Syrian Uni- 
versity, Damascus, Syria, where he was 
professor of public health during the 1951- 
1952 school year. In 1952, he joined the 
World Health Organization as regional ad- 
visor in education and training in the South- 
east Asia Regional Office, New Delhi, India, 
and held this position until appointed to his 
present Kentucky post. 

Dr. Lieben is a graduate of the Liverpool 
University Medical School in England and 


ARCHIVES OF INDUSTRIAL HEALTH 
of the Harvard University School of Public 
Health. He also holds certification from the 
American Board of Preventive Medicine. 

The Pennsylvania official previously was 
associated with the New York City Depart- 
ment of Health, was industrial physician 
with the Connecticut State Department of 
Health, and was plant physician for the 
Bridgeville plant of the American Cyanamid 
Company. 

He is a member of the Industrial Section, 
American Public Health Association ; Indus- 
trial Medical Association; American Acad- 
emy of Occupational Health, and American 
Medical Association. 

Dr. Lieben is author of a number of papers 
and reports on industrial diseases, notably 
material dealing with berylliosis and with 
exposure to parathion. 

A number of other state and local appoint- 
ments will be announced in the next-issue of 
“Occupational Health News.” 


MICHIGAN JOINS THE RANKS 


The Wolverine State’s Department of 
Health has just published Vol. 1, No. 1 of a 
quarterly Occupational Health bulletin and so 
joins the ranks of the States and cities that 
are publishing excellent periodicals to dis- 
tribute technical information on occupational 
health problems. 

The newcomer, Michigan’s Occupational 
Health, is a four-page issue, edited in Lans- 
ing by the Division of Occupational Health 
of the Michigan Department of Health. Dr. 
Albert E. Heustis is State Health Commis- 
sioner, and John Soet is head of the division. 

The first issue contains two articles, one 
dealing with the problems of carbon tetra- 
chloride ; the other, reproduced below, deal- 
ing with the increasing problem of noise as 
an occupational hazard. Writers of both arti- 
cles have approached their subjects from the 
narrative standpoint, but this easy-to-read 
approach has not lessened the technical value 
of the work. 
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Here is how the Michigan division deals 
with explaining the problems and occupa- 
tional hazards of noise : 


John Jones, a farmer for thirty years, ten years 
ago began working for a drop forge company. 
During the first few years he worked at various 
jobs but for the past seven years he has been a 
hammer man working on a crankshaft. For the 
past several years, Jones has had difficulty in hear- 
ing clearly when in a group. More recently, he has 
found it difficult to understand conversations at 
home. 

John Jones consults a doctor. He is told that 
he has a 40 per-cent hearing loss, but that there 
is no sign of infection or disease. Since he believes 
his hearing was normal at the time he went to work 
at the plant, he feels that the noise of the hammers 
is responsible for his hearing loss. Jones asks a 
lawyer for advice. This results in a compensation 
case being filed with the compensation commission 
for damages resulting from employment. 

Here are the facts: (1) There has been no loss 
of wages as a result of the disability and the worker 
continues to be employed on the job; (2) Mr. Jones 
is sixty years of age and, undoubtedly, age is a 


[14] 


\ 
AS 

2 

= || 

= 


OCCUPATIONAL HEALTH NEWS 


i 

ths 


ig} 


factor in the hearing loss measured; (3) the loss 
of hearing was not caused by an accident; and (4) 
the claim presented to the commission is an occu- 
pational disease claim. 

What action should be taken on this claim? 
Should it be upheld or denied? The answers will 
be important to both labor and management. For, 
while the situation in this case is imaginary, it 
parallels closely the details of other cases in both 
New York and Wisconsin. 

The commission findings in both of these States 
upheld similar claims asserting that hearing loss 
is an occupational disease within the meaning of the 
law and that wage loss is not necessary to justify 
the claim. Awards of $1,661.25 in the Slawinski 
case in New York, and $1,575.46 in the Wojcik 
case in Wisconsin were made by the courts. The 
awards were upheld by the Supreme courts in each 
State. 

The decision of the New York court was reached 
in spite of the fact that the New York occupational 
disease law defines “disability” as “the state of being 
disabled from earning full wages at work at which 
the employee was last employed.” Because most 
workman compensation laws in this country are pat- 
terned after the New York State law, it seems likely 
that the decision wi!! set a precedent. 

Noise, an unwanted sound, is physically created 
by an alternation of air pressure, produced by 
vibrating bodies or air streams. The greater the 
alternation of air pressure, the greater the corre- 
sponding sound created. It follows that in order 
to create extremely large noises, rather severe vi- 
brations must be produced. The range of hearing 
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for the average individual extends from about 20 
cycles per second to about 15,000 cycles per second. 
Normal speech frequencies cover a range from 200 
cycles per second to 6,000 cycles per second. The 
maximum sensitivity of the human ear occurs in 
the 2,000 cycles per second to 5,000 cycles per second 
range. Since loudness varies considerably with a 
variation in the frequency of sound, measurement 
procedures must include frequency analysis along 
with sound pressures. 

Industrial noises are very complex and are cre- 
ated by vibrations of many types of mechanical 
equipment. Normally, all of the audible frequencies 
will be included in the noise created in an industrial 
environment, but the frequency distribution will 
vary considerably. Air noise, for example, tends to 
create a rather high frequency sound, while rotating 
machinery creates fundamental noises at low fre- 
quencies. Impacts from guns and hammers produce 
noise of extremely short duration and the time fac- 
tor must be considered in the measurement. 

An accurate evaluation of the noise exposure re- 
quires considerable knowledge, special equipment, 
and a variety of techniques. A sound-level meter 
and octave band frequency analyzer are required 
for measuring continuous noise levels. Intermittent 
noises or impact noises are usually recorded on a 
tape recorder and measured with a calibrated cath- 
ode ray oscilloscope. This information, together 
with data on length of exposure to the correspond- 
ing noise levels, can then be used in predicting the 
extent of the risk to the workman employed in a 
noisy area. 

The information necessary to establish damage 
risk criteria is still lacking, although numerous 
investigators, including the American Standards 
Association, are working on the problem. A tenta- 
tive criteria published by Leo L. Berank, Technical 
Director of the Acoustical Laboratory, Massachu- 
setts Institute of Technology, is as follows: 


Decibels 
Limiting 
Level Decibels 
Continuous Pure 
Octave Band Spectrum Tones 
102 96 
TT 96, 88 
85 
94 


A committee of consultants, all recognized oto- 
laryngologists, called together by the New York 
Compensation Commission, contributed the follow- 
ing information regarding the risk from noise: 

Most persons exposed daily for several hours 
to noise at intensity levels above 120 decibels— 
whatever composition of the noise—will suffer 
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permanent damage to hearing in a matter of 
months. For most industrial noises at overall 
levels of 100 to 120 decibels, exposure of several 
hours daily for a long period of time will cause 
permanent damage to hearing in a considerable 
proportion of persons. Hearing of a very few 
susceptible persons may be permanently damaged 
by exposure for many years to certain noises at 
levels between 90-100 decibels. 

In Michigan at the present time, to the best of 
our knowledge, there have been no claims presented 
to the Workmen’s Compensation Commission for 
loss of hearing, other than accidental loss. In dis- 
cussing the matter with a member of the commis- 


A, 


ARCHIVES OF INDUSTRIAL HEALTH 


sion, it was indicated that wage loss would probably 
be a requirement before compensation would be 
granted. If a man remained at his place of employ- 
ment, earning full wages, regardless of percentage 
of hearing loss, suffered as a result of long term 
exposure to noise, there would probably be no 
compensation granted. In some States, civil suits 
have been brought against companies as a result 
of hearing loss. Here again, the commission be- 
lieves that suits of this type would not be allowed. 
It seems likely at this time that a court test, similar 
to court tests in other States, will be required be- 
fore we can be certain of what interpretation will 
be made. 


POISON CENTER PLANNED 


Pediatricians in the Seattle, Wash., area 
have formed a committee on toxicology to 
explore the possibilities of establishing a 
poison control program. Thus, Seattle is on 
its way to becoming another of the cities 
which have established such centers. 

The physicians’ committee already has 
held meetings with representatives of the 
Seattle-King County Health Department, 
and of the Departments of Pharmacology, 
Public Health and Preventive Medicine, and 
the Environmental Research Laboratory of 
the University of Washington School of 
Medicine. 


The pediatricians explained that they have 
long been concerned over accidental injury 
and poisoning of children. Children are 
especially susceptible to such harm because 
of the ready access in the home to products 
with unidentified toxic constituents. Many 
children have been crippled or killed as a 
result of accidental poisoning, and at the 
present time there is, in Seattle, no central- 
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ized service for a physician to call in order 
to determine the contents of thousands of 
trade name products used around the home. 

The staff of the Environmental Research 
Laboratory has always been available to 
physicians on a day-and-night basis to sup- 
ply toxicity information from the laboratory’s 
extensive files. However, this courtesy serv- 
ice has been decidedly inadequate because 
the files have been assembled primarily for 
references on industrially-used substances. 

So far, the pediatricians’ committee and 
the health agencies have discussed, in detail, 
the problems of assembling and indexing the 
30,000 to 50,000 items whose contents might 
be swallowed or spilled by children, but no 
conclusions on the financing and undertaking 
of such a stupendous job have been reached. 

Both the pediatricians and the health 
agencies are seeking advice on the establish- 
ment of such a poisoning control center, 
which they feel would be a tremendous 
health asset, not only to the Seattle area but 
the whole Pacific Northwest region. 
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“For a product to be designated as ‘sterile’, the process for making 
it must assure sterility at all times.”? “Steam processing of petrola- 
tum gauze cannot be relied upon to produce a sterile product.” 

The sterility of ‘Vaseline’ Petrolatum Gauze is assured by the 
unique process employed in its manufacture and is preserved by its 
packaging in properly sealed aluminum foil-envelopes. 

Available from your usual source of supply in strips of: 1x 36”; 
3” x 36”; 6”x 36”; and 3”x 18”. 
References: 1. Gershenfeld, L., Am. JI. Pharm.: 126:112, 1954. 

2. Yarlett, M. A., Gershenfeld, L., McClenahan, W. S.: Drug Standards 22:205, 1954. 
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For Nasal Congestion 
in THE COMMON COLD 


Physiologically acceptable Neo-Synephrine 
hydrochloride solution promptly constricts the 
engorged nasal capillaries which are responsible 
for nasal congestion in the common cold. When 
the nasal mucosa is reduced to its normal state, 
the nasal passages resume their proper patency, 
drainage is possible, and the patient can again 
breathe freely. 


By its shrinking action on the nasal mucosa, Neo- 
Synephrine helps to keep the sinuses aerated 
and the openings to the eustachian tubes clear. 


Neo-Synephrine within minutes produces decon- 
gestion that lasts for hours. 


NEO-SYNEPHRINE? 
Hydrochloride 
DOSAGE FORMS Solutions: 0.25% — 0.25% (aromatic) — 0.5% — 1% — 
Emulsion 0.25% — Jelly 0.5% 
Nasal Spray 0.5% (plastic, unbreakable squeeze bottle) 
Nasal Spray Pediatric 0.25% (new introduction) 


Contains Zephiran® Cl 0.02% (1:5000), antibacterial 
wetting agent and preservative for greater efficiency. 
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